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e When appropriate. ALDOMET 500-mg tablets may drug, and if previous methyldopa therapy has been 
be useful when higher dosage (1.0 g toa maximum associated with liver disorders. 
of 3.0 g a day) is required to control the blood 
pressure adequately. It is important to recognize that a positive 
e Why convenient. A b.i.d. schedule with ALDOMET Coombs test, hemolytic anemia, and liver disorder: 
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fatal complications unless 
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following page for more information on dosage.) properly recognized and managed. MSD 
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»ontraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
Methyldopa therapy has been associated with liver 
disorders (see Warnings): hypersensitivity. 

Warnings: It is jmportant to recognize that a 
j0sitive Coombs test, hemolytic anemia, and 
fiver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic 
anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
0 understand these reactions. 

Vith prolonged methyldopa therapy, 10% to 20% of 


S test may develop hemolytic 
e or development of a positive 
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LPS | 
use of methylddpa. If a positive Coombs test 
levelops during methyldopa therapy, determine 
hemolytit anemia exists and whether the 
/e Coombs test may be a problem. For exam- 
ne, in addition to a positive direct Coombs test 
S less often a positive indirect Coombs test 
may interfere with cross matching of blood. 
art of methyldopa therapy, it is desirable to 
9a blood count (hematocrit, hemoglobin, or red cell 
fount) fer a baseline or to establish whether there is 
inemia. Periodic blood counts should be done dur- 
ng therapy to detect hemolytic anemia. It may be 
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Iseful to do a direct Ooombs test before therapy and 
It 6 and 12 months after the start of therapy. If 
z00mbs-positive hemolytic anemia occurs, the 
ause may be methyldopa and the drug should be 
liscontinued. Usually the anemia remits promptly. 
mot, corticosteroids may be given and other 
auses of anemia should be considered. If the 
'molytic anemia is related to methyldopa, the drug 
ould not be reinstituted. When methyldopa 
auses Coombs positivity alone or with hemolytic 
emia, the red cell is usually coated with gamma 
lobulin of the IgG (gamma G) class only. The posi- 
lẹ Coombs-test may not revert to normal until 
eKS to months after methyldopa is stopped. 

the need for transfusion arise in a patient 
g methyldopa, both a direct and an indirect 
ombs test should be performed on his blood. In 
e absence of hemolytic anemia, usually only the 
rect Coombs test will be positive. A positive direct 
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atch and the assistance of a hematologist or 
ansfusion expert will 
"las occurred within first 3 weeks of therapy, 
metimes with eosinophilia or abnormalities in 
ler function tests, such as serum alkaline 
osphatase, serum transaminases (SGOT, SGPT), 
Din, cephalin cholesterol flocculation, 
thrombin time, and bromsulphalein retention. 
jundice, with or without fever, may occur, with 
Set usually in the first 2 to 3 months of therapy. In 
me patients the findings are consistent with 
5e of cholestasis. Rarely fatal hepatic necrosis 
S been reported. These hepatic changes may 
resent hypersensitivity reactions; periodic de- 
mination of hepatic function should be done par- 
ularly during the first 6 to 12 weeks of therapy or 
lenever an unexplained fever occurs. If fever and 
normalities in liver function tests or jaundice ap- 
i Stop therapy with methyldopa. If caused by 
ithyldopa, the temperature and abnormalities in 
er function characteristically have reverted to 
Be when the drug was discontinued. 
thyldopa should not be reinstituted in such 
ients. 
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ypertensive effect may 
occur. Patients should be followed carefully to 
detect side reactions or unusual manifestations of 
drug idiosyncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
Same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
IS not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 

Stop drug if involuntary choreoathetotic move- 
ments occur in patients with severe bilateral 
cerebrovascular disease. Patients may require 
reduced doses of anesthetics: hypotension occur- 
ring during anesthesia usually can be controlled 
with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the 
drug is removed by this procedure. 

Adverse Reactions: Centra/ nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
Symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell’s palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 


Cardiovascular: Bradycardia, aggravation of an- 
gina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue 
methyldopa if edema progresses or signs of heart 
failure appear.) 

Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of 
mouth, sore or "black" tongue, pancreatitis, 
sialadenitis. 

Hepatic: Abnormal liver function tests. jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast 
enlargement, gynecomastia, lactation. impotence, 
decreased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
900 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets. containing 125 mg 
methyldopa each, in bottles of 100: Tablets, con- 
taining 250 mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000; 
Tablets, containing 500 mg. methyldopa each, in 
Single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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Adults 

initiating therapy 

* 250 mg b.i.d. or t.i.d. the first 
48 hours 

* increase or decrease, preferably 
at intervals of not less than two 
days, until response is adequate 

* start dosage increases in the 
evening to minimize sedation 

e adjusting dosage may prevent 
morning hypotension without 
losing control of afternoon blood 
pressure 

* when ALDOMET is added, the 
dosage of thiazides need not 
be changed 

* when given with antihyperten- 

sives other than thiazides, the 

dose of these agents may have to 

be adjusted and the starting 

dosage of ALDOMET should be 

limited to 500 mg daily in 

divided doses 




















maintaining therapy 

* usually 500 mg to 2.0 g daily in 
two to four doses 

* maximum recommended daily 
dose is 3.0g 

* occasional tolerance may occur, 
usually between the second and 
third month of therapy; adding 
a diuretic or increasing the 
dosage of ALDOMET frequently 
restores effective control 

e patients with impaired renal 
function may respond to lower 
doses; syncope in older patients 
may be related to an increased 
sensitivity and advanced arterio- 
Sclerotic vascular disease and 
may be avoided by lower doses 


Children 

* initial dosage is based on 10 mg/ kg 
of body weight daily in two 
to four doses 

* increase or decrease daily dosage 
until adequate response is 
achieved 

* maximum dosage is 65 mg/kg 

or 3.0 g daily, whichever is less 
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This lightweight defibrillator and | 
monitor scope combination is ideal for portability, E 
compactness, ease of handling. 
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Weighs less than 8 pounds. The plastic unit itself serves as one electrode, a cable- 
attached paddle the other. Easy to operate. Delivers more than 20 stored shocks of 
400 Joules from one full charge of self-contained rechargeable battery. As handy 
as a fire extinguisher. Can be mounted on a wallor table or vehicle by its own 3 Á 
bracket-recharger. Basically safe for user and patient. 


Mini-monitor EGG scope TA 
Small, light (only 6/2 pounds), easily portable. Yet a full diagnostic selection. ix 
Low frequency — steadies trace, eliminates artifacts when monitoring in transport. 
Bright image — bouncing ballor memoryrefresh. For short-term emergency use — 
accident scene or bedside. For continuous monitoring — during transport, 
in OR and recovery room, ICU, or office. 










on the double ...a new, low-cost system that bids to greatly extend 
emergency capabilities by being practical to carry in car ambulance, aircraft, 
or to mount in office or aid station. 
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And. since thiazide and furosemide diuretics often used to treat 
hypertension tend to deplete serum potassium, a diet containing 
potassium-rich foods is sometimes essential. 

A recommendation of SANKA* brand decaffeinated coffee, 
as part of a prudent diet for hypertensive patients who drink cof- 


fee, reduces the stimulant effect (only 3-5 mg. of caffein per 6-oz. 


cup). Further, it allows your patient to continue enjoying rich, 
flavorful coffee that contains approximately 4 mEq. of potas- 
sium per 6-oz. cup in the ground-roast form. 

Not surprisingly, SANKA" 97% caffein-free coffee is recom- 
mended by more physicians than all other brands of coffee 
combined. It’s available in food stores every where...in instant, 

`. freeze-dried and ground-roast forms. And at restaurants in 
convenient, single-service packages. 

For a FREE Patient Sample Kit, please complete and return 
the coupon. 


Sanké § Sanka 
vi 97% CAFFEIN-FREE COFFEE 
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Many physicians feel that stimulants and hypertension don't mix. 
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flavor. 


*Coffee is naturally low in sodium and high in potassium. There are 
15 milligrams of sodium in each 100 grams of Freeze-Dried Instant SANK, 
brand decaffeinated coffee. Each 2 grams (the usual serving per 6 fl. oz. e 
contains 90 milligrams of potassium and only 0.3 milligrams of sodium 
( actual sodium content of prepared cup varies with water source). 
All milligram figures are researched approximates. 


Maxwell House Division 
General Foods Corporation 
Box #3143 

Kankakee, Illinois 60901 





Gentlemen: Please send me a FREE kit containing patient samples 
an informative booklet, “The No-Coffee Edict,’ and a special coupo 
entitling me to a FREE jar of Freeze-Dried Instant SANKA* brand 


Decaffeinated Coffee. 
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Quinaglute* Dura-Tabs* (quinidine gluconate) 


* produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 

e usually insures uninterrupted therapeutic quinidine 
gluconate levels during sleep 

* avoids peaks and valleys in plasma levels during 
which time the arrhythmias may recur 

e maintains normal sinus rhythm following conversion 
by other techniques 

e well tolerated to enhance patient cooperation — 

few G.L disturbances 
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Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS widening; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include all those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidin&, although .rare, 
should constantly be considered; especially during the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exacj quinidine 
dosage wil! vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for neain- 
tenance of normal sinus rhythm could be redffflef, wh@eas with 1 tablet 
every 12 hours, the blood levels may be too low to aintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute 
be used during pregnancy. 

Adverse Reactions: The patient should be advised te*teport immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, colos perception dis- 


abs should not 


turbances, photophobia, diplopia, night blindness, scotomata, reduced - 


visual fields, mydriasis and respiratory distress). 
Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 


rarely been reported. |f they occur, they may be minimized by admin- A 
istering the drug with food. If they persist, dosage should be decreased. | 


Dosage: For the prevention of premature atrial, nodal or yentricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


Laboratories, Inc. 


open 


Wayne, New Jersey 07470 


lute Dura-Tabs 


(quinidine gluconate) 5 gr. (033 Gm.) 









* — tohelp maintain the patient 
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HYPERTENSION’ 


IT MAKES SENSE TO PRESCRIBE A REGIMEN THAT 
MAINTAINS PATIENT COMFORT, IS CONVENIENT + 
AND ECONOMICAL. 
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Each capsule contains 50 mg. of Dyrenium" (triamterene, SK&F Co.) 
and 25 mg. of hydrochlorothiazide. 


HELPS AVOID K* LOSS 


The ‘Dyrenium’ in ‘Dyazide’ helps promote patient comfort by 
limiting the loss of essential potassium during drug therapy for 
hypertension. Potassium depletion caused by conventional 
diuretics and the resultant symptoms of fatigue and muscle 
cramps are seldom a problem with ‘Dyazide’. 


k CONVENIENT 


Potassium supplements are seldom needed, in fact they should 
not be used unless hypokalemia develops or dietary K* intake 
is markedly impaired. 


One or two capsules, once or twice daily for maintenance, 
according to the response of the patient. 





ECONOMICAL 


The expense of K* rich foods and potassium supplements can 
cost your patient more than convention al antihypertensive 
diuretics. ‘Dyazide’ costs less than other K* -sparing agents. 


SERUM K* AND BUN SHOULD BE 
CHECKED PERIODICALLY 


Particularly in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Elevated serum potassium 
levels can occur because of the potassium-sparing effect of 
‘Dyrenium’, but they are rare in patients with normal renal 
function. If hyperkalemia develops, substitute a thiazide alone. 


Use ‘Dyazide’ with caution during pregnancy or in women who 
might bear children; potential benefits should be weighed 
against possible hazards to the fetus. 


SIXSF CO. 
Carolina, P.R. 00630 
Subsidiary of 
SmithKline Corporation 
*‘Dyazide’ is not indicated for initial therapy. See next page for indications and 
brief summary of prescribing information. 
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information in SK&F Co. literature or PDR.A 
brief summary follows: f 





WARNING 

This fixed combination drug is not indicated 
for initial therapy of edema or hypertension. 
Edema or hypertension requires therap 
titrated to the individual patient. If the fixed 





. : n . combination represents the dosage so deter- 
Each capsule contains 50 mg. of Dyrenium® (triamterene, SK&F Co.) mined, its use may be more convenient in 
° ee. patient management. The treatment of hyper- 
and 25 mg. of hydrochlorothiazide. tension and edema is not static, but must be 





è reevaluated as conditions in each patient 
z i i4 warrant. 
* Indications: When the fixed combination repre- 


sents the dosage determined by titration: Adjunc- 
tive therapy in edema associated with congestive 


heart failure, hepatic cirrhosis, the nephrotic 
E syndrome. Corticosteroid and estrogen-induced 
edema, idiopathic edema; hypertension, when the 
potassium-sparing action of its 'Dyrenium' 


component is warranted. 


Contraindications: Further use in progressive renal 
or hepatic dysfunction; hyperkalemia. Pre- 

R3 , existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfona- 
mide-derived drugs. Routine use of diuretics in 

is 








otherwise healthy pregnancy. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly 
impaired. If supplementary potassium is needed, 
posenem tablets should not be used. Hyper- 
calemia can occur, and has been associated with s 
cardiac irregularities. It is more likely in severely 
ill patients with urine volume less than one liter/ 
day, the elderly or diabetics, with suspected or 
confirmed renal insufficiency. Periodic determina- 
tions of serum K* should be made. If hyper- 
kalemia develops, substitute a thiazide alone. 
restrict K` intake. The presence of a widened QRS 
complex or arrhythmia in association with hyper- 
kalemia requires prompt additional therapy. 
Thiazides are reported to cross the placental barrier 
and appear in breast milk; fetal or neonatal hyper- 
Sitrntineaie. thrombocytopenia, altered carbo- 
hydrate metabolism and other adverse reactions 
that have occurred in the adult may result. When 
used in pregnancy or in women who might bear 
children, weigh potential benefits against possible 
hazards to fetus. Adequate information on use in 
children is not available. 


Precautions: Do periodic serum electrolyte deter- e 
minations (particularly important in patients 
vomiting excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics, 
or those with suspected or confirmed renal 
insufficiency. Watch for signs of impending coma 
in severe liver disease. If spironolactone is used 
concomitantly, determine serum K^ frequently; P" 
both can cause K* retention and elevated serum ^ 
K'. Two deaths have been reported with such 
concomitant therapy (in one, recommended dosage 
was exceeded, in the other serum electrolytes were 
not properly monitored). Observe regularly for 
possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have been 
reported in patients receiving Dyrenium* (tri- 
amterene, SK&F Co.), and leukopenia, thrombo- 
cytopenia, agranulocytosis, and aplastic anemia 
ave been reported with thiazides. Do periodic 
blood studies in cirrhotics to check for nondrug- 
related variations in blood pictures, and in patients 
with folic acid depletion, since 'Dyrenium' may 
contribute to appearance of megaloblastosis. 
Antihypertensive effect may be enhanced in post- 
sympathectomy patients. Use cautiously in surgical 
patients. The following may occur: transient 
elevated BUN or creatinine or both, hyperglycemia 
and glycosuria (diabetic insulin requirements may 
be altered), hyperuricemia and gout, digitalis 
intoxication (in hypokalemia), decreasing alkali 
reserve with possible metabolic acidosis. ‘Dyazide’ 
interferes with fluorescent measurement of 
quinidine. 
Adverse Reactions: Muscle cramps, weakness. 
dizziness, headache, dry mouth; anaphylaxis, 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting, 
diarrhea, constipation, other gastrointestinal 


disturbances. Necrotizing vasculitis, paresthesias, 
Sylt Roe E Q icterus, pancreatitis, xanthopsia and, rarely, 
r allergic pneumonitis have occurred with thiazides 
lone. 
Carolina, P.R. 00630 " 
Subeidiary óf Supplied: Bottles of 100 and 1000 capsules; 
C 


, Single Unit Packages of 100 (intended for institu- 
SmıthKlıne Corporation tional use only). 
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407 Serial Measurements of Left Ventricular Ejection Fraction by Radionuclide Angiography ; : 
Early and Late After Myocardial Infarction 3 


HEINRICH R. SCHELBERT, HARTMUT HENNING, WILLIAM L. ASHBURN, JOHN W. VERBA, 
JOEL S. KARLINER and ROBERT A. O'ROURKE 


Serial left ventricular ejection fraction measured with radioisotope angiography in 63 patients with - 7 
acute myocardial infarction proved useful in patients with segmental left ventricular dysfunction and ) 
in predicting early mortality and morbidity. Data in this study show the ejection fraction is a sensitive 

° indicator of left ventricular function after acute myocardial infarction. 


416 Regional Myocardial Blood Flow During Hyperemia Induced by Contrasting Agent in 
AA Patients With Coronary Artery Disease 


B. LEONARD HOLMAN, PETER F. COHN, DOUGLASS F. ADAMS, JACKIE R. SEE, 
BARBARA H. ROBERTS, JOHN IDOINE and RICHARD GORLIN 


h Measurements of regional myocardial specific blood flow at rest and during contrast hyperemia 
after the intracoronary injection of xenon-133 showed good correlation with the percent of coronary 
stenosis and the presence of ventricular wall abnormalities. Such data may also provide prognostic 
information concerning suitability for surgical intervention. 


422 Noninvasive Myocardial Imaging With Potassium-43 and Rubidium-81 in Patients With Left 
Bundle Branch Block 


RONALD L. McGOWAN, THOMAS G. WELCH, BARRY L. ZARET, ANDREW L. BRYSON, 
NEIL D. MARTIN and M. D. FLAMM 


Left bundle branch block should be added to the conditions that can produce false positive myocar- 
dial images. Reduced radioactivity in the region of the interventricular septum similar to that ob- 
served in anteroseptal myocardial infarction was observed at rest in 25 of 27 subjects with left bun- 
dle branch block studied with noninvasive imaging. The image defect was less distinct or even nor- 
mal with exercise in patients with no anatomic heart disease. 


Continued on page A13 





...during the postprandial period 


SUMMARY OF PRESCRIBING INFORMATION (ısosorbide dinitrate) may be taken for prompt relief of angina pain three or 
*[ Indications: Based on a review of this drug by The National Academy four times daily Although the onset and duration of effect of coronary 
d Scléncés —National Beaearch Council and/or other intormation. nitrates may vary, following is the generally reported range of these values 
FDA has classified the indications as follows: for CHEWABLE SORBITRATE 
| “Probably” effective: The chewable dosage form of SORBITRATE Onset of Effect: Two to five minutes. 
| is indicated for the treatment of acute anginal attacks and for prophy- Duration of Effect: One to two hours. 


| laxis in situations likely to provoke such attacks 
| Final classifications of the less-than-effective indications requires 
| further investigation 


Contraindications: A history of sensitivity to the drug 


Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety 
Precautions: Tolerance and cross tolerance to other nitrates may occur © 5 mg. 


Adverse Reactions: Headache which may be severe and persistent. Low- 


ering the dose and using analgesics will help control the headaches which ( ISOSORBIDE DINITRATE ) 


usually diminish or disappear as therapy is continued. 


Adversereactionsseen occasionally: Cutaneous vasodilation with flush- 
ing; transient dizziness and weakness as well as other signs of cerebral UP 1 O P. HOURS @) = 


ischemia associated with postural hypotension; individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can ANGINA PROTECTION 
occur even with the usual therapeutic dose (alcohol may enhance this S 
effect); drug rash and/or exfoliative dermatitis. 

Thisdrugcan actas a physiological antagonist to norepinephrine, acetyl- AT MEALTIME... AND ANY 
choline, histamine and other agents 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- OTHER TIME ez STRESS. 


sponses, which may occasionally be severe with chewable doses as low 
as 5mg., the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg 
Dosage Schedule: Smallest effective dose necessary for the prevention STUART PHARMACEUTICALS | Wilmington, DE 19897 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE Division of ICI United States Inc. 
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429  Electrophysiologic Effects of Atropine on Human Sinus Node and Atrium 


RAMESH C. DHINGRA, FERNANDO AMAT-Y-LEON, CHRISTOPHER WYNDHAM, PABLO DENES, 
DELON WU, J. MAURICE POUGET and KENNETH M. ROSEN 


Intravenous injection of 1 to 2 mg of atropine in 17 patients shortened sinus cycle length, sinus re- 
covery time and calculated sinoatrial conduction time. Shortening of atrial refractory periods with, 
atropine suggests that vagotonia prolongs atrial refractoriness in man. 


435 Reduction of S-T Segment Elevation With Infusion of Nitroprusside in Patients With Acute 
Myocardial Infarction 


NAJAM A. AWAN, RICHARD R. MILLER, ZAKAUDDIN VERA, ANTHONY N. DeMARIA, 
EZRA A. AMSTERDAM and DEAN T. MASON 


The infusion of nitroprusside in 12 patients with an acute anterior myocardial infarction decreased 
myocardial ischemic injury as assessed by S-T mapping and reduced the myocardial oxygen con- 
sumption index of pressure-time per minute. The absence of any significant relation between these 
two variables suggests that nitroprusside may directly augment regional blood flow to ischemic 


myocardium. 


METHODS 


440 Computer Detection of Premature Ventricular Complexes: A Modified Approach 
SUZANNE B. KNOEBEL, D. EUGENE LOVELACE, SUSAN RASMUSSEN and STEVEN E. WASH 


This data reduction system for arrhythmia detection has a less than 2 percent false negative and 3 
percent false positive rate of identification of premature ventricular complexes. The system in- 
creases the clinical utility of computer analysis and reduces post-computer processing time. 


PEDIATRIC CARDIOLOGY 


448 Significance of Pacemaker Recovery Time After the Mustard Operation for Transposition 
of the Great Arteries 
GALAL M. EL-SAID, PAUL C. GILLETTE, CHARLES E. MULLINS, MICHAEL R. NIHILL and 
DAN G. McNAMARA 
This study in 24 patients 6 months to 3 years after the Mustard operation for transposition of the 
great arteries shows that rhythm abnormalities were likely to develop in those with a prolonged 
pacemaker recovery time but that a normal recovery time did not exclude abnormal sinus nodal 
function. 
Continued on page A17 
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Hygroton 50mg. 





, (chiorthaliaone) 





blocks sodium retention longer 


Diuretics reduce blood pressure by blocking 
sodium retention to lower “effective” volume. But 
the body’s renal compensatory mechanisms are 
mobilized to promote a secondary sodium 
conservation, expand “effective” volume and 
perhaps reelevate blood pressure. Sustained 
control of “effective” volume is therefore 
essential to treatment. No other diuretic blocks 
sodium retention longer than Hygroton. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/ aldosterone system to 
prevail, but Hygroton helps inhibit it through. . . 
a “24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hvgroton 


the 24-hour sentry 


For effective once-daily therapy 








USV Pharmaceutical Mfg. Corp. 
pHaRmaceuncas Manati, P.R. 00701 
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BRIEF SUMMARY 
indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthdfti- 
done; routine use of diuretics in arfotherwise healthy preg- 
nant woman with or without mild edemai traindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive er potentiative 
of the action of other antihypertensive drugs. Sepsitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards tothe fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytesto 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypokalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patient is 
vomiting excessively or receiving parenteral fluídgf Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent diuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout be precipitated 
in certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectomy patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. Usual 
Dose: One tablet daily. How Supplied: Tablets— 100 mg. 
(white, scored) and 50 mg. (aqua) in bottles of 100 and 
1000; PAKs of 28 tablets, boxes of 6. 
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There are alot of ways to say stable" 
when you're dealing with nitroglycerin. 
Thats why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual conditions 
of use. | 
For example. we test for wickability—a Parke-Davis 
test (the time in seconds required for water to wet the 
tablet completely by capillary action under controlled 
conditions) to simulate under-the-tongue conditions. 
Heat-stable? Yes. Up to 45 C (113 F). considerably 
higher than ‘vest pocket" temperatures. 


0.3 Mg WETTER AIT at 45 C (113 F) 
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USP LIMITS FOR NITROGLYCERIN 
(+ 2096 of Label Claim) | 
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"Fusari SA: Data on file, Parke, Davis & Company. Detroit, Mich gan. (Test results were simi- 
lar for the 0.4-mg and the 0.6-mg strengths.) 


Potency and Content Uniformity? The average assay 
still shows almost 100% of label claim more than 30 
months after manufacture. What's more, the crucial 








PD-JA-1669-1-P (3-76) 


For the 
“ultimate test” of 
Stability... 


prescribe a 
\ nitroglycerin with 
\ proofof stability. 


^ 


question of maintenance of content uniformity of nitro- 
glycerin is answered by Nitrostat as proved by assay: 
less chance of your patient taking a superpotent or, more 
important, a subpotent tablet. 

Disintegration? We test it using the USP test in 800 
ml of water. All tablets usually disintegrate within 30 sec- 
onds (USP limit — 2 minutes). 

Dissolution? Using NF Method T, we show greater 
than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be decisive. 
But taken together, they add up to a good reason to 
prescribe Nitrostat. 


Nitrostat 


(nitroglycerin tablets, USP) 


0.3 mg (1/200 gr)—0.4 mg (1/150 gr) — 0.6 mg (1/100 gr) 


sublingual tablets 
stabilized formula 


Available in bottles of 100 
and Convenience Packs of 25 


PAR KE-DAVI S PARKE. DAVIS & COMPANY. Detroit, Michigan 48232 
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452 Variation in the Size and Distensibility of the Pulmonary Arteries in d-Transposition of the 
Great Arteries | 


KALIM UDDIN AZIZ, MAURICE A. NANTON, LANGFORD KIDD, CHARLES A. F. MOES and 
RICHARD D. ROWE 


Cineangiograms of 117 patients with d-transposition of the great arteries showed that the pulmo- : 
nary artery was largest in patients with ventricular septal defect or patent ductus arteriosus, or bgth, 

as a result of increased pulmonary arterial pressure and flow. Excessive distensibility of the main ` X 
pulmonary artery and hypoplasia of the first branch pulmonary arteries allow greater accommoda- " id 
tion of left ventricular stroke volume in the main pulmonary artery. ^ à 
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458  Echocardiographic Abnormalities in Acute Rheumatic Fever 
RICHARD M. SCHIEKEN and RICHARD E. KERBER 


Serial echocardiograms proved useful in assessing the severity of carditis in 12 children with acute 
rheumatic fever. In seven children with regurgitation and congestive heart failure the initial velocity 
of circumferential fiber shortening decreased, the velocity of circumferential fiber shortening in~ 
creased to exceed the expected normal value and the left atrial dimension, greatly increased initial- 


ly, remained large. 


REPORTS ON THERAPY 3 


463 Surgical Treatment of Degenerative Mitral Regurgitation 
NEAL W. SALOMON, EDWARD B. STINSON, RANDALL B. GRIEPP and NORMAN E. SHUMWAY 


The operative mortality for mitral valve replacement in 66 patients with myxomatous degeneration 
of the mitral valve was 6 percent. Preoperative variables with a significantly adverse effect on pa- 
tient survival included patient age greater than 50 years, New York Heart Association functional 
class IV, left ventricular end-diastolic pressure greater than 12 mm Hg and mean pulmonary arterial 
wedge pressure greater than 16 mm Hg. Earlier operative intervention should be considered in pa- 
tients with myxomatous mitral degeneration and mitral insufficiency before the advent of severe and 
possibly irreversible impairment of ventricular function. 


469 Hemodynamic Effects of Nitroglycerin Ointment in Congestive Heart Failure 


WILLIAM R. TAYLOR, JAMES S. FORRESTER, PETER MAGNUSSON, TERUO TAKANO, 
KANU CHATTERJEE and H. J. C. SWAN 


A The following hemodynamic effects of nitroglycerin ointment, lasting 3 to 6 hours, in 10 patients 
with chronic congestive heart failure, indicate its potential value in treating congestive heart failure: 
Pulmonary capillary wedge pressure decreased, cardiac index increased, systemic and pulmonary 
vascular resistance decreased, venous capacitance increased, mean arterial pressure decreased 
and heart rate remained unchanged. 


Continued on page A19 


C 


Aate ii es at UOI MU 





th ree views of every heartbeat, 
simultaneously. 


! Burdick EK-6 3-channel electrocardiograph— Direct-recording acá. 


ing periods of cardiac instability, more accurate ds qoy d ce Py curacy—Burdick's 
jnosis demands more complete data. Having that E «D heated stylus, 
rmation in seconds is one reason you should have SHS Ed HES heat-sensitive paper and 


new Burdick EK-6 3-channel electrocardiograph. flat writing surface 
à combine to produce 

tracings of uncommon 
clarity and accuracy. And 
the EK-6 produces a 
higher fidelity in the ECG 
to eliminate distortions or 
errors common with 


cH Hi DEI : i + ; 
Need inferior recordings. 


EK-6 gives you three different perspectives of the 
rt all at once. You can perceive the status of the 
rt more accurately, with recording flexibility that is 
cal for complete cardiac diagnosis. 
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aplete 12-lead ECGs in * L iia? aal 
seconds—Once the df ic. | 
trodes are attached. LT I Fast, sure electrode placement—Tangled leads and e 


ning a single AUTO j | complicated lead replacement are nearly eliminated. The 
{ button automatically pro- POS Burdick EK-6 features color-coded, variable-length lead 
es a complete 12-lead ECG M. wires that allow the operator to place the leads quickly 


and securely. Burdick's unique epi 
cable junction block will accept 10 in 
dividual leads for standar 
ECGs, or fifteen when XYZ 
(Frank) leads are desired. 
Also, Our patient cable is 
easily repairable. 


ly for mounting. Three-lead 
ips are automatically iden- 
d and marked. Lead 

iths, selection, standardiz- 
ns, sensitivity settings, 

er speed, and lead check 
also automatically con- 

ed. Or the EK-6 may be 
jrammed for manual or 
li-automatic operation. 























You can view your patient's 
heart from three perspec- 
tives at one time with the 
Burdick EK-6 3-channel 
electrocardiograph. 

For a demonstration 

or more information, call, 
toll-free, (800) 356-0701. 
Within Wisconsin: (608)- 
868-7631. Or write The 
Burdick Corporation; 
Milton, Wisconsin 53563 
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474  Nitroglycerin Ointment in Acute Myocardial Infarction 


PAUL W. ARMSTRONG, M. THOMAS MATHEW, KAYOOMARS BOROOMAND and A 
JOHN O. PARKER 1 


After application of nitroglycerin ointment in 22 patients with acute myocardial infarction, peak dec- 
rements were observed in their mean arterial pressure, pulmonary capillary wedge pressure, right . 
atrial pressure and heart rate X systolic blood pressure. Total peripheral resistance also decreased. 
These data showed that nitroglycerin ointment improved cardiac performance while reducing the 
determinants of myocardial oxygen consumption and preserving the transmyocardial gradient^for . ! á 
coronary blood flow. 5 
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479 Medical Versus Surgical Treatment of Unstable Angina 
HERBERT N. HULTGREN 


This review examines critical problems in the evaluation of treatment methods for unstable angina 
and presents a summary evaluation of five comparative studies. During a mean follow-up time of 18 
months mortality rates of 13.8 and 7.1 percent and incidence rates of nonfatal myocardial infarction 
of 12 and 18.2 percent, respectively, were found in 280 medically treated patients and 334 surgical-. d 
ly treated patients. Further data from large scale studies are necessary to evaluate the comparative ` 
mortality and morbidity in identifiable subgroups in which the risk of medical treatment alone may 
be greater than that of surgical treatment. 
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487 The Heart in the Hurler Syndrome. Gross, Histologic and Ultrastructural Observations in 
Five Necropsy Cases 


VICENTE G. RENTERÍA, VICTOR J. FERRANS and WILLIAM C. ROBERTS 


At necropsy, characteristic Hurler cells were found in the coronary arteries, four cardiac valves, 
mural endocardium, myocardial walls and aorta of five subjects with the Hurler syndrome. In addi- 
tion, granular cells were observed in the coronary arteries, atrioventricular valves and in the myo- 
cardial interstitium. These latter cells, producing collagen in an abnormal way, are probably respon- 
sible for the heavy deposits of collagen in the cardiovascular system of these patients. 
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502  Echocardiographic Evaluation of Tricuspid Valve Endocarditis. An M Mode and Two 
Dimensional Study 


JOSEPH KISSLO, OLAF T. VON RAMM, ROBYN HANEY, ROBERT JONES, S. STANLEY JUK and 
VICTOR S. BEHAR 


Standard M mode echocardiography and a new real time two dimensional echocardiographic imag- 
ing system accurately followed and assessed the progressive anatomic destruction and functional 
deterioration of the tricuspid valve in a patient with bacterial endocarditis. 


Continued on page A21 
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The Pacekeeper - 


-or.the broad spectrum of cardiac arrhythmias 


yroad-range treatment... 


:onversion and maintenance 





quinidine polygalacturonate) 


O Greater GI tolerance 

O Full quinidine cardiodynamics 

O Convenient B.I.D. or T.I.D. 
dosage for most patients 


ZARDIOQUIN Tablets (quinidine polygalacturonate) are 
ndicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
1ormal sinus rhythm—whether with CARDIOQUIN 
fablets or electroconversion—only low b.i.d. or t.i.d. 
losage of this unique polygalacturonate salt of quinidine 
s required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
iuited for maintenance therapy, since the polygalactu- 
onic acid serves as a buffering moiety. It protects the 
nucosa of the stomach and permits dependable absorp- 
ion of the quinidine.* 


\viado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Prac- 


ice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456 


CARDIOQUIN 


: TABLETS 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter: paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
tation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by V» to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 
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CASE REPORTS 


508 Pathologic Correlations in Three Cases of Bilateral Bundle Branch Disease With Unusual 


Electrophysiologic Manifestations in Two Cases ae : 
SAROJA BHARATI, MAURICE LEV, RAMESH DHINGRA, DELON WU, JOSE ARUGUETE, JUAN MIR à 
and KENNETH M. ROSEN d E 
Excellent correlation between electrophysiologic and pathologic data in three cases of intraventric- ` 3 


ular conduction disease demonstrated an anatomic basis for the electrophysiologic findings resem- 
bling bilateral bundle branch block. Sinus nodal reentrance may be related to disease in the ap- . 
proaches to the sinoatrial node. The anatomic substrate for left axis deviation may be the greater in- 
volvement of the anterior portion than of the posterior portion of the main left bundle. 


519 — Quinidine-Induced Ventricular Flutter and Fibrillation Without Digitalis Therapy 
RUDOLPH W. KOSTER and HEIN J. J. WELLENS 


Moderate doses of quinidine first greatly prolonged the Q-T interval and later caused ventricular flut- 
ter and fibrillation in three patients. Such ventricular tachyarrhythmias during quinidine-associated 3 
syncope may possibly have the same electrophysiologic basis as ventricular fibrillation in patients f | i 
with the Q-T prolongation syndrome. à 


524 Mustard Operation and Creation of Ventricular Septal Defect in Two Patients With 
Transposition of the Great Arteries, Intact Ventricular Septum and Pulmonary Vascular "d 
Disease | 


JAROSLAV STARK, MARC R. de LEVAL and JAMES F. N. TAYLOR 


As demonstrated in two children with transposition of the great arteries, intact ventricular septum 
and severely increased pulmonary vascular resistance, application of the ''palliative Mustard” pro- 
cedure (correction of inflow by the Mustard technique and creation of a ventricular septal defect) ac- 
complished useful palliation in subjects with this congenital heart condition by increasing systemic 
saturation and improving exercise tolerance and general health. 


528 Cardiac Involvement in the Kugelberg-Welander Syndrome 


HIROMITSU TANAKA, NOBUHIRO UEMURA, YOSHIFUMI TOYAMA, AKIO KUDO, 
YOHSUKE OHKATSU and TAKUYA KANEHISA 


Two patients with the Kugelberg-Welander syndrome (juvenile form of progressive spinal muscular 
dystrophy) associated with cardiomyopathy and cardiomegaly highlight the need to document and 
study the cardiac changes in the heredofamilial degenerative diseases, including those in which the 
association with cardiomyopathy is considered uncommon. One patient had atrial flutter with com- 
plete atrioventricular block due to A-H block; the other had slight interstitial fibrosis of the myocar- 
dium on myocardial biopsy. 


Continued on page A22 
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The reels are turning nationwide. No matter where 
you are in this vast country, there is an Avionics Equipped 
Scanning Service or Center near you. Equipped with 
the documented instrumentation in the field of Holter 
Monitoring" —Avionics Dynamic Electrocardio- 
graphy® Systems. 

There are now over 50 Avionics Equipped Scanning 
Operations throughout the country offering a wide variety 
of options for your particular Holter Monitoring Program. 
Whether you decide to purchase, lease, rent or borrow, 
Awionics new 2-channel 445 Mini-Holter Recorders are 
available. And Scanners are ready to serve. 

For the latest literature and nationwide list of Avionics 
Equipped Scanning Services/Centers, mail coupon. 
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AVIONICS ~ 


a division of Del Mar Engineering Laboratories 
1601 Alton Avenue at Redhill, Irvine, Ca 92714 


[] Please send me the latest Avionics literature and list 
of Avionics Equipped Scanning Services/Centers. 
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WANT FASTER SERVICE? 


SIR you ... Change your Address? 


... Need Information? 
ATTACH YOUR PRESENT ADORESS LABEL BELOW 








AFFIX LABEL 





If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 
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Peritrate SA sustained Action 


(pentaerythritol tetranitrate) 80mg 


CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences — 
Nationa! Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: l 

"Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode butit is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(penfaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents: 
Precautions: Should be used with caution in 
pätients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur, 

in addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), | tablet immediately on 
arising ond I tablet 12 hours later. Tablets 
should: not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60).- Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 {N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg —light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 
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Ne For over 22 years, Peritrate" has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
Been in patients Peritrate used prophylactically 
ag ries helps decrease the frequency and sever- 
_" ity of angina attacks.” With minimal 
side effects. 
Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it ary 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate 5H 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


A F < — 
Im Warner/Chilcctt 


Div. Warner-Lambert Company 
s Morris Plains, NaJ. 07950 


PE-(GP-51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


*The drug has been evaluated às possibly 
effective forthis indication. 
See brief summary. 








ECHOCARDIOGRAPHY, 2nd ed. 


By HARVEY FEIGENBAUM, M.D., /ndíana University School 
of Medicine, Indianapolis. An excellent book. In this edition 
all chapters have been revised and updated, with many ex- 
panded to include much new material. Review of previous 
édition: "Highly recommended.'— American Journal of 
Cardiology. About 250 pp. (7 X 10), illus., 1976, Ready No- 
vember. 
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' PROGRESS IN CARDIOLOGY. 5 


Edited by PAUL N. YU, M.D., University of Rochester Schoo! 
of Medicine agd Dentistry, Rochester, New York; and JOHN 
F. GOODWIN, M.D., Royal Postgraduate Medical School, 
London, England. (22 Contributors). Partial Contents: Phys- 
iology of Normal and Abnormal Coronary Circulation: Ap- 
proaches for Measuring Coronary Flow; Determinants of 
Myocardial Oxygen Demand; Transmural Variations in 
Myocardial Perfusion; Clinical Measurements of Coronary 
Flow; etc. About 350 pp. (7 X 10), illus., 1976, Ready 
Now. 
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M-MODE ECHOCARDIOGRAPHIC 
TECHNIQUES 
AND PATTERN RECOGNITION 


By SONIA CHANG, B.S., Emory University School of Medi- 
cine, Atlanta, Georgia. Emphasis is placed on how to find and 
record useful echocardiographic motion. Definitive data 
support the echocardiographic interpretations. 160 pp., 137 
illus., paperback, 1976, $7.00. 





THE CONDUCTION SYSTEM OF THE 
HEART: 
Structure, Function and Clinical implications 


Edited and with contributions by H. J. J. WELLENS, M.D., K. 
|. LIE, M.D., and M. J. JANSE, M.D., all of Wilhelmina Gas- 
thuis, Amsterdam. (80 Contributors). An authoritative guide 
and reference source, this book provides new information 
on the role of the conduction system in the genesis of ar- 
rhythmias. 708 pp. (7 X 10), illus., 1976, $58.00. 
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FUNDAMENTALS OF 
VASCULAR RADIOLOGY 


By ROBERT I. WHITE, JR., M.D., Johns Hopkins University 
School of Medicine, Baltimore, Maryland. In-depth description 
of angiographic and catheterization technics for vascular 
radiology is provided in this book. Fills a definite need for 
cardiologists. 157 pp. (7 X 10), illus., 1976, $13.00. 
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ROM LEA & FEBIGER — 


NON-INVASIVE CARDIAC DIAGNOSIS 


Edited and with contributions by EDWARD K. CHUNG, M.D., 
Jefferson Medical College of Thomas Jefferson University, 
Philadelphia, Pennsylvania. (18 Contributors). Discusses all 
aspects of commonly used non-invasive diagnostic methods 
for frequently encountered cardiovascular disorders. All 
materials presented are concise, practical, and up-to-date. 
319 pp. (7 X 10), 218 illus., 1976, $18.00. 


SURGICAL TREATMENT OF 
CONGENITAL HEART DISEASE, 2nd ed. 


By GRADY L. HALLMAN, M.D., and DENTON A. COOLEY, 
M.D., both of The Texas Heart Institute, Houston, Texas. 
Emphasis is on operative procedure with all variations 
thoroughly described. An abundance of excellent illustrations 
portray and clarify each operative technique described. 204 
pp. (8% X 11), numerous illus., 1975, $18.50. 


CARDIAC EMERGENCY CARE 


Edited and with contributions by EDWARD K. CHUNG, M.D., 
Jefferson Medical College of Thomas Jefferson University, 
Philadelphia, Pennsylvania. (18 Contributors). A well-bal- 
anced, concise and complete summary that includes all 
aspects of common cardiac emergencies frequently en- 
countered in daily practice. 347 pp., 88 illus., 1975, 
$14.50. 


PROGRESS IN CARDIOLOGY. 4 


Edited by PAUL N. YU, M.D., University of Rochester School 
of Medicine and Dentistry, Rochester, New York; and JOHN 
F. GOODWIN, M.D., Royal Postgraduate Medical School, 
London, England. (17 Contributors). The fourth in a series 
devoted exclusively to pertinent, up-to-date reviews of topics 
of current interest in cardiology. 224 pp. (7 X 10), illus., 1975, 
$15.00. 


GUIDELINES FOR GRADED EXERCISE 
TESTING AND EXERCISE PRESCRIPTION 


Edited by the AMERICAN COLLEGE OF SPORTS MEDICINE, 
Madison, Wisconsin. Prepared by the Task Force of the 
Postgraduate Education Committee. Exercise risk, screening 
and supervision, and intensity and duration of exercise are 
thoroughly covered. 116 pp. (5'4 X 794), paperback, 1975, 
$4.00. 
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Visit With Us At Booth L-19 
American Heart Association 
Miami Beach, Fla., Nov. 15-18 


LEA & FEBIGER 


Washington Square/Philadelphia, Pa. 19106 








A hard-to-ignore reason most cardiologists 


insist on Honeywell strip chart recorders: 


MAXIMUM DIAGNOSTIC: 
INFORMATION —- 


It's that simple. 
Honeywell recorders 
produce echocardiograms 
that yield maximum 
diagnostic value. And 
because our records 
provide unequaled 
resolution and gray scale 
discrimination, it has 
become the standard 
diagnostic media for 
cardiologists. In fact, 
our record is so good 


that most cardiologists learn echocardiogram 
interpretation and diagnosis from our record. 
And it's so popular that the majority of ultra- 
sound scanner manufacturers include our 
recorder in their echocardiography systems. 
Be sure you'll be getting the best. Specify 








a Honeywell maximum 
information strip chart 
recorder in your next 
echocardiography system. 
And if your choice of 
ultrasound scanner 
manufacturer won't supply 
our recorder, just give 

us a call. We'll provide 
you with direct sales 
assistance and a 
demonstration to support 
our claims. 





For a list of ultrasound manufacturers that suppl 
Honeywell recorders and for more detailed 
information on our products, call or write 
Bob Shipman, Honeywell Test Instruments 
Division, P.O. Box 5227, Denver, Colorado 80217, 
303/771-4700. 


oncvwel 


Now, automated cardiac output for infants 


... With IL s new 5-French, 4-lumen pediatric catheter 
and proven C.O. measuring system. 


To help you improve the critical fluid and drug therapy management 
of patients of all ages, Instrumentation Laboratory has added a 
5-French, flow-directed Pediatric Catheter to the IL601 Automated 
Cardiac Output System. It extends the latest thermal dilution 
techniques to the care of infants and children; requires only 1 to 

3 cc of injectate. 


The new IL catheter (Swan-Ganz type) fits through a 5-French introducer, 
and connects to our computer/recorder unit. It facilitates 
measurements of: Cardiac Output, Pulmonary Artery Temper- 
ature, Pulmonary Artery Pressure, Pulmonary Capillary 
Wedge Pressure, and Right Atrial Pressure (CVP). 

Like IL's 7-French adult human and animal 

catheters, it needs no user calibration, and meets 

strict safety standards. 

No matter which catheter you use, you have the 

same benefits of the IL system: high accuracy; 

no need for rectal temperatures; the choice of room- 
temperature or iced injectate; and extremely easy 

operation. You simply press the START button and 

inject DsW or saline. The instrument automatically 

calculates and displays C.O. in liters/minute. 


The IL601 is avail- 
able:through purchase, 

lease or cost-per-test 

plans. Call toll-free: 
800-225-1481 for a demon- 
stration or further information. 
Or use the coupon below. 


Instrumentation 
Laboratory Inc. 
Biomedical Division 


“Ins praa Enbei Inc. 
113 Hartwell Ave., Lexington, MA 


C] Id like a demonstration of the L601 a 
LJ Please send literature and technical meteni- 
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Effective, C ^n znicnt 
Stat Regimen-for rapid 
reduction of blood pressure 
in malignant hypertension | 


direct-action 


erstat rv 


sUA/ÜNDE Srs 
20 ml ampule 
contains 300 mg 


“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes: * 

















+ Rapid reduction to normotensive levels 3 Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple LV. "push" ina peripheral vein in 30 seconds or 
within 5 minutes...often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 
JA p the balance of effect. 
j Prolonged activity 

A single injection of HYPERSTAT LV. generally maintains (1 Convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. supplied as a 20 ml ampule containing 


up to 12 hours. 300 mg diazoxide in ready to use solution. 


© Protective action —helps avert target 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
organ damage Einstein College of Medicine, and Chief of Cardiology. White Plains 
Cardiac output increases as diastolic pressure IS Hospital, White Plains, N.Y., in Diazoxide an effective vasodilator in 
reduced Coronary and cerebral blood flow maintained accelerated hypertension. Am Heart J 87(6). 791-795; June 1974 


Increased renal blood flow after transient decrease. 


Administration guidelines 








4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose l.V. in 30 seconds or 
s Of HYPERSTAT I.V. Injection (20 ml » recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure Ó HYPERSTAT L.V. Injection should be 
. an hour after injection; monitor BP 5. BP in standing position before ending « continued until a regimen of oral 
* closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. effective (generally within a few days). 


nani, Before prescribing HYPERSTAT I.V. Injection, please consult complete product information, 


All rights reserved. a summary of which appears on the facing page. 











HYPERSTAT® I.V. (brand of diazoxide, USP) 
Injection ! 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT 1.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
ise gei such as that associated with aortic coarctation or arteriovenous 
shunt, sor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT ín breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood, Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrige. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
management, including insulin. Therefore, blood glucose levels should be moni- 
tored, especially in patients with diabetes or in those requiring multiple injec- 
a of diazoxide. Hyperglycemia and hyperosmolar coma associated with 
transient cataracts developed in one infant receiving repeated daily doses of 
oral diazoxide, The disturbed carbohydrate metabolism was successfully treated 
with insulin. Cataracts have been observed in a few animals receiving repeated 
daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
Interactions). Since increased volume of extracellular fluid may be a cause of 
treatment failure in nonresponsive patients, it may be advisable to reduce this 
increased volume by means of a diuretic agent. Although no evidence of exces- 
sive anticoagulant effects has been reported, patients, especially those who are 
hypoalbuminemic and receive HYPERSTAT 1.V. Injection and coumarin or its de- 
rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions), 


PRECAUTIONS HYPERSTAT (diazoxide) |.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient’s blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein. Because the alkalinity of the solution is irritating to tissue, 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis. If leak- 
age into subcutaneous tissue occurs, the area should be treated conservatively. 
Maximal antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response, As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental. Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT LV, Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection. 

ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
fusion or focal neurological deficit, such as numbness of the hands; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Papilledema, induced by plasma volume expansion secondary to the administra- 
tion of diazoxide, was reported in one patient who had received eleven injec- 
tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
hypotension, sweating, flushing, and generalized or localized sensations of 
warmth; supraventricular tachycardia and palpitation; bradycardia; various 
transient neurological! findings secondary to alterations in regional blood flow 
to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
or “funny feeling’, ringing in the ears and momentary hearing loss, and weak- 
ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest''; 
transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions, 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives, These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. 


OVERDOSAGE  Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
sive hyperglycemia resulting from overdosage will respond to conventional 
therapy of bape ce Diazoxide may be removed from the blood by peri- 
teneal dialysis or hemodialysis. SWW-4940R1 
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Quality to pass the toughest tesi 
-your evaluation 


Each RED DOT Electrode is 


individually sealed...to prevent drying out of 
the gel before application...a feature that permits electrodes 
tobepreattachedtocablesandstill remainfresh for application BRAND 


Engineered for rapid, convenient MONITORING ELECTRODES 
application... .center sponge is prefilled with precise Medical Products Division 1n 


amount of gel for rapid application and dependable perform- 

ance...sponge is firmly held to electrode base by patented SM CENTENA EMISIT oa 
adhesive process... built-in abrasive pad for quick prepara- 
tion of skin 


— — — — — — — — — — eee — — — —€ — — — — — — P3 


For a demonstration of RED DOT Brand Monitoring 
Electrodes and a free supply for your evaluation, please 
complete coupon and mail to: 


artifacts. ..\ow profile provides optimum contouring Medical Products Division 




















Pediatric Electrodes for special monitoring requirements 


Nan't Mice "Tho Dii72la P hildran'" Netnher 19 an PBS. 


i 
Flat design minimizes movement | 
| 
to body...no raised edges to catch on clothing or bedding | 3M Company 
Backed with MICROPORE"* |, ME PRO E 
Surgical Tape.. virtuallynonirritating MICROPORE — | n A MSA M 
Tape ensures patient comfort by permitting skin ventilation | 
while adhering firmly—even to perspiring patients... easily Perry Yu ON m 
removed with little or no adhesive residue | 
Complemented by a complete line  , Address j DO qu 
of cables and adapters ...in five colors and | Vista P our MUI EUR AT CVM 
18-, 24- or 36-inch lengths...pregelled RED DOT Foam Elec- | City State Zip Code 
trodes are also available, as are Nongelled Standard and | 
| Telephone  — — A . .  AreaCode  rwm 
| 





warranted against defects in material and workmanship for a period of two years. War- 
ranty coverage begins either on the date of installation, or thirty days after the shipping 
date, whichever comes first. During the warranty period, Electronics for Medicine, Inc. 
will repair or replace, at its option and at no charge, equipment which has failed in nor- 
mal-use and not been subjected to abuse, alterations or negligent treatment by the user. 


fs, ands, or buts. 
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We make patient monitoring systems second to none. Systems with non-fade displays 
and split-screen holds. With our monitors you can freeze traces on half the screen while 
continuing to view the patient's current condition on the other half. Very valuable instru- 
ments. And competitively priced. 


But that’s only part of the story. Because we design E for M monitoring systems for 
dependability, we know how each component should be tested. And so, we test and 
re-test each completed unit. And torture test it. And then put it through a continuous-use 
test of more than four days. Because we do all of this, we know our monitors will last. 
That's why we can offer the longest warranty available in patient monitoring today. 


Plus 10 years of 
guaranteed protection. 


But, that's not all. Starting now, when you buy an E for M Patient Monitor, you'll also get 
protection for 10 long years. If, tomorrow...or any time in the next 10 years...we can't 
provide parts and service for the E for M monitor you buy today, you can trade it in for 
its replacement model, with an allowance based on age of up to 100% of the original price! 
Performance plus great dependability. And warranty protection that's every bit as 
good as our patient monitors. That's what you'll get from us when you call with your 
requirements. 








FOR 
MEDICINE, - 
INC. 

30 Virginia Road, 


The torture test 
shakes everything up 
to make sure nothing 


shakes /oose. (914) 946-1187 





2-Year Warranty | 


* E for M 2-Year Warranty: Equipment manufactured by Electronics for Medicine, Inc. is 


ELECTRONICS 


White Plains, N.Y. 10603 
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When elevated cholesterol calls for decreased saturates... 


Mazola helps. 
















Helps lower serum cholesterol MU 
Serum Cholesterol In this study, a standard diet was modified to produce a F 
(mg./dl.) 
; moderate cholesterol-lowering diet, using skim milk, lean 
220 meats, fish, two eggs per week, poultry, and Mazola^ corn 
Moderate cholesterol- and corn oil margarine. The average decrease in serum _ 
200 lowering diet Mean moderate-diet Cholesterol for the 12 subjects was 17%. Sertim cholesterol 
change = 205 mg/dl. was reduced even more (average of 29% for 36 subjects) _ 
to 171 mg/dl. when a strict diet was used, which excised butterfat and 
180 margarine, further reduced meat and eggs, and allowed < 
y WA Mazola corn oil as the only visible fat. All abenays were 
» AH ean strict-diet 
(ho Sect SOMNIS hanse 5:201 mg/dl considered highly significant. 
g to 142 mg./dl. Mazola corn oil and margarine 
help diet adherence 
140 For cholesterol control, long-term adherénce is essential, | 
To gain patient acceptance, the polyunsaturated fats used. 
Adapted from Anderson, J.T., Grande, F., and Keys, A.: Cholesterol- must pass the test of taste. For flavor and lightness, Mazola 
lowering diets, J. Am. Diet. Assoc., 62:133, 1973. i corn oil and margarine qualify. 


Helps patients live with the diet 


Physician Aids...Mazola TM you evalu 
ate and educate the high-risk patient with 
(1) "Coronary Risk Handbook." (2) Pad of 
coronary risk assessment and management 
; forms. (3) Desk pad of heart anatomy. 
oa Marois eo Pee bid Sd eges Bec 
education monograph with film order torm 
Margarine E 4 (5) "Learn...before it's too late — 52-page 
nutrition learning system for patients with 
film order form. (6) Reprint of "Cholesterol 
lowering diets: Experimental trials and 
literature review" (7) "Nutritive Values of 


Send coupon for 
your Mazola resources file 


A professional file of 11 patient and physician 
aids for reduction of risk in atherosclerosis 
and coronary heart disease is now available 
free upon request. Just mail this coupon to 
Dr. D.M. Rathmann, Mazola Nutrition 
Information Service, Best Foods, a Division 
of CPC International Inc., Department MH, 
Box 307, Coventry, Ct. 06238. 


Included are: EA. 2 — F 


Patient Aids...Mazola helps your patients = um zola 3 p iy Food Products Made by Best Foods.” (8) “A 
Es | | 5 Note to Professionals about ‘A Diet for Toda 
<u 


live with a cholesterol-control diet with oS. 
(1) “A Diet for Today — practical menus and CENA TD $, 
recipes for cholesterol control. (2) “Beyond K, "à 














Diet... Exercise Your Way to Fitness and Heart | M a zol a 
Health” (3) “Q & A, Fats and Oils.” f s 
Corn Oil & Margarine 
Dr. 
Name 
Street Address 
City State Zip Code 
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Tn Refractory Congestive Failure 


Associated with Hypotension 
or Shock 


INTROPIN 


(dopamine HCI) 


Provides Patients with a 
Third Dimension of Therapy 
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Intropin: a logical addition for 
hospitalized patients refractory to 
digitalis and diuretics 


When cardiac output is insufficient, or when renal blood 
flow and urine output do not respond in spite of therapy, a 
new dimension should be considered as an adjunct to the 
standard digitalis/diuretic regimen. 

Intropin (at recommended doses) may potentiate 
digitalis/diuretic therapy in two ways. First, Intropin 
exerts a positive inotropic effect which can result in 
greater cardiac output, increased renal blood flow and 
diuresis. In addition, Intropin directly stimulates “dopa- 
minergic” receptors in the kidney to cause renal dilation, 
increased urine flow and sodium excretion. 

Thus, Intropin works both indirectly and directly on the 
renal vascular beds to decrease accumulated fluids. 


Pharmacologic guidelines for adding 
Intropin to the treatment of patients 
refractory to digitalis/diuretic therapy 





Cardiac Renal Sodium 
Output Blood Flow UrineFlow Excretion 





increase only increase only increase only 


no change if cardiac if renal if renal 
DIGITALIS to output increases blood flow blood flow 
increase  (nodirecteffect) ^ increases Increases 
+ + $ + 
increase due 
DIURETICS no effect no effect to increased increase 
sodium excretion (direct effect) 
4 + 
increase 
if renal blood 
INTROPIN® increase increase increase flow increases 
above 5 2-30 2-30 -30 
mcg/kg/min mcg/kg/min ^ mcg/kg/min mcg/kg/min 
4 4 4 Lu 





This chart graphically demonstrates: 


1. the effects of digitalis on renal blood flow, urine output 
and sodium excretion are primarily related to cardiac 
output; 

2. diuretics, while favorably affecting urine flow and so- 
dium excretion, do not influence cardiac output or 
renal blood flow; 


3. Intropin favorably affects cardiac output at doses above 
5 mcg/kg/min and increases renal blood flow, urine 
output and sodium excretion at doses of 2 to 30 mcg/kg/ 
min, regardless of the effect of the drug on cardiac 
output. 


Intropin: a catecholamine with 
unique actions 


Intropin is a unique catecholamine that increases cardiac 
output, vital organ perfusion and urine output without 
increasing the likelihood of serious side effects. With 
Intropin, the myocardial oxygen supply/demand ratio 
appears to remain stable. 
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Concurrent administration of Intropin and diuretii 
agents may produce an additive or potentiating effect. E 

As with most drugs administered in serious A 
a key to favorable prognosis is the initiation of Intropii 
as soon as practical after the onset of unfayorable signs 
Patients most likely to respond are those whose nryocat 
dial function, urine output and blood pressure have nc 
undergone profound deterioration. , 


Intropin: points about dosagé 


Before administering Intropin, the physician should t 
familiar with the effects of the drug at various dosag 
levels (see chart) and should especially note the paradox 
cal results of Intropin at ranges of over 30 mcg/kg/min, 
increases in systemic vascular resistance plus a decrea 
in renal blood flow and urine output. These nórepinephrin: 
like phenomena can be reversed, if desired, by reducin 
the dose. ^ 

Intropin is compatible with digitalis, and diuretit 
employed in the treatment of refractory congestive hea 
failure. ` 

Intropin must be diluted in a suitable intravenous soli 
tion and given by LV. drip under close medical supervisio} 

The half-life of Intropin is somewhat less than 2 mi 
utes, and all effects of the drug usually dissipate within 1 
minutes after cessation of the medication. Š 


«d 


The effects of Intropin at 3 








a 
various dose levels 
2-5 5-30 '. over 30 -— 
mcg/kg/min mcg/kg/min mcg/kg/min 
Cardiac Output n0 change increase increase 
Stroke Volume no change increase increase 


there is an initial increase 





Heart Rate no change followed by a decrease toward s 
normal rate as infusion continues - 
NNNM EEUU ESI MEN M ML EA d LR Lie 
Myocardial : ' 
"a n r incr 
Contractility no change increase ncrease 
Potential for low* low* data unavailabl 
Excessive 
Myocardial coronary blood coronary blood 
Oxygen Demands flow increased flow increased 
Potential for low* low* 
i 0 moderat 

Tachyarrhythmias x oderate 
B Iq LEa ATE EA, e t E a Re 
Mus oS ptomic slight decrease no change to PRE 

RENES to no change slight increase 
Resistance 
ni tV aa e a E EA AA N MD | 
Renal Blood Flow increase increase decrease 
Urine Output increase increase decrease 


*Low but needs monitoring 


See the following page for full prescribing information. 
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INTROPIN® (dopamine HCl) 
5 ml. AMPUL/FOR IV INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a naturally- 
occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is: 


CH;,CH;NH; * HCI 


HO 
Mol. Wt. 189.65 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitiye to light, alkalis, iron salts and oxidizing agents. 
Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
asa preservative. 


- ACTIONS: INT ROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 


output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol! and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increaség systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
Total peripheral resistance at low qnd intermediate therapeutic doses is usually unchanged. Blood flow 
. to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
_ reported to dilate the renal vasculature presumptively by activation of a “dopaminergic” receptor. This 
action is accompanied by increases in.glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 


- osmoldlity of the urine 


- 
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INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
Shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chrqnic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 

_ should be instituted of completed prior to administration of INTROPIN. 
. Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 
tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 


3 and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 


. the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 


temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 


- Minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
. ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 


which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 


. Output is within narmal limits and thus may be of value in reducing the degree of pre-existing fluid 


. accumulation. It;should be noted that at doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output — Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 


. vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 


L- 


cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
terenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 


. to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 


alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


"WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 
Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 


- Solution. 


Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 


3 of INTROPIN will requiré substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 


_ tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to at least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
- In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 

newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 

a when, in the judgment of the physician, the expected benefits outweigh the potential risk to 

e fetus. 

Usage in Children — The safety and efficacy of this drug in children has not been established. INTROPIN 

has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 

proper dosage and limitations for use. Further studies are in progress. 


PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 


Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 


in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 


creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired. 


Printed in U.S.A. 


Extravasation — INTROPIN should be infused into a large vein whenever possible to prevent the pos- 
sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis and 
sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 
sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's condition 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible. 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease—Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 
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IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution 
containing from 5 to 10 mg. of Regitine* (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 


infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 





Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3 Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


7) Lactated Ringer's Injection, USP 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. !n titrating to the desired increase in systolic 
bleod pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized. 

Adminstration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

in more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 
3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 
4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HCI per milliliter. September, 1975 


ARNAR-STONE LABORATORIES, INC. 
Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 
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you'll agree 


TEKTRONIX 
Portable Patient Monitors 
give you unmatched value 


Really compare: 

Performance capability—only Tektronix gives 
you a line of portable patient monitors that 
includes in a monolithic package: single or dual 
pressure... analog display with or without 
digital readout . . . optional hard copy of analog 
and alphanumerics such as elapsed time, pa- 
tient temperature, heart rate, systolic/diastolic 
and mean pressure...and much more! 
Portability—all monitors are only 9x 11% x 6 
inches and 12 pounds (with recorder 9 x 112 x 
912 inches and 18 pounds). Easy operation— 
color-coded control panels, pushbutton func- 
tions and a clear, bright display make TEK- 
TRONIX Monitors simple to use. Reliability and 
back-up service—even though their accuracy 
and dependability are excellent, 35 Tektronix 
Service Centers nationwide provide 24-hour 
turn-around repair if needed. 


Really compare 
CALLTOLL FREE 
800 547- 4804 


Portable Patient Monitors TEKTRONI»C 
In a Class by Themselves NEN. 
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Catapres 
(clonidine HCl) - 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.’ 


You can add Catapres to 


Catapres to get pressure down 
near normal. 


Wide therapeutic dosage range —O0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 

lot of problems. 

The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 


stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 





Please see next page of advertisement for 
a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 
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In mild to moderate hypertension 


m Hypertension through the lens of 


Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 


The Catapres Potential: 
blood pressure not just down, 
but down near normal 


Catapres.............. 


(clonidine HCl) 


Start with Catapres when a 
diuretic is wrong for your patient 


Add Catapres when a diuretic 
alone doesn't let you reach 
near-normal pressure 








Catapres® 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Chiidren: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, shculd be advised of the sedative effect. 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs' test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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CDC 70 


The most versatile cardiac diagnostic unit! 





Holter Monitor-Scanner; 
Stress testing; 
Resting ECG 


The only single instrument that allows total 
system utilization in these important cardiac diagnos- 
tic functions in office, clinic or hospital. 

NEW ARC 150 Arrhythmia Counter option pro- 
vides accurate quantitative data from your Holter 
tapes. It provides hourly and total counts of QRS, 
PVC and other ectopic beats at scan speeds. 

Full 12 lead capability for resting ECG and 
stress testing with universal compatibility to interface 
with existing computer technology. Innovative design 


. and solid state circuitry give you a most reliable 


system to suit your needs. 
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STAR 10 
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Flexible, yet economical! 


Stress testing 
and Rehabilitation; 
Resting ECG 
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New from Medcraft, the STAR 100, specifically de 
signed to give you the most wanted features in Stress - 


Test and Rehabilitation equipment. 


Non-fade Memory Scope, Heart Rate Meter with - 
alarm system, full AHA frequency response and many : 
other built-in features make operation simple and . 


convenient. 
Optional features such as built-in Telemetry, 


Recorder-Programmer and others further enhance 


convenience and versatility of the STAR 100. 
A full line of treadmills, cables, accessories and 


supplies are available from Medcraft to complement 


your present and future programs. 


Sales and Service on these and other fine Medcraft products are available from a nationwide network of 
factory trained representatives. For further information on purchase or leasing at convenient terms, 


please contact: 
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Aem E 


Medcraft Incorporated 


Skippack, Pennsylvania 19474 
Phone 215/584-6825 


Medcraft is a registered trademark of Hittman Corp. 
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Lithium Pacemaker System 

has the competition 
playing catch-up. 


Intermedics, by combining 
the talents of experienced and 
aggressive designers, engineers, 
marketers and consulting physi- 
cians, has produced a complete 
pacemaker system so superior in 
design and performance that even 
the industry’s giants are taking a 
second look at their products. 
System Part 1: 
The Pulse Generators 
Intermedics' lithium pulse 
generators provide proven long- 
term, trouble-free operation and 
the low power consumption of 
C-MOS I circuitry combined with 
the superior life expectancy of a 
lithium battery hermetically sealed 
in its own container. Each pulse 
generator is also hermetically 
sealed in its own tissue-compatible, 
interference-resistant 316L 
stainless steel container, which 
features smoothly rounded edges 
for greatest patient comfort. 
Intermedics offers two excellent 
models: the original Model 221 
C-MOS | Lithium weighing 90 
grams (6.3 cm by 3.8 cm by 


1.8 cm); and the new Model 223 
Interlith”, weighing just 65 grams 
(5.5 cm by 4.2 cm by 1.4 cm). Both 
are available in demand or 
continual modes, with assured 
power life expectancies in excess 
of 6 years. Pre-set stimulation rates 
are available from 60 to 100 pulses 
per minute. 
System Part 2: The Leads 
Intermedics' pulse generators 
are designed to accept most 
competitors' leads. However, 
Intermedics manufactures a series 
of non-corroding, platinum-tipped 
leads which provide low 
stimulating and sensing thresholds 
and are designed in every way to 
increase the power life expectancy 
of Intermedics’ pulse generators. 
Closed coil construction resists 
dislodgment and prevents lead 
fractures. Model 461 features a 
cylindrical tip, and the newer 
Model 463 offers a spherical tip for 
greater surface area. 


Interlith and Trace-A-Pace are trademarks of Intermedics, tel 


System Part 3: Trace-A-Pace * 
Remote Monitoring 

Intermedics is the only pace 
maker manufacturer on the market 
which provides a reme 
ing service at no addit 
with each implanted pt 
tor. At the request of the patient's 
physician, the patient is provided 
with a lightweight, easy-to-use, 
portable transmitter. At any time, 
from any telephone, he can trans 
mit his pulse and pacer rhythm to 
Intermedics. He simply attaches 
color-coded, dry electrodes, dials 
a toll-free telephone number, 
and places the telephone receiver 
on his transmitter. Intermedics 
will receive and record the rhythm 
strip and pulse generator rate. 

If any irregularity is observed, 

the patient’s physician will be 
contacted immediately. With each 
transmission, the physician will 
receive a report and a coggggof the 
rhythm strip, greatly re ng the 
time required for patient##low-up, 
and increasing the patient's 
confidence and mobility. 

System Part 4: 

Your Intermedics Representative 

All Intermédics representatives 
are on call 24 hours a day. When 
necessary, they can have any 
Intermedics component or an 
entire Intermedics Lithium 
Pacemaker System in your hands 
shortly after you call. 

For the location of your nearest 
Intermedics representative or 
additional information about 
our products, call toll-free 
800-231-2330. In Texas «call 
collect 713-233-8611. 


TENE. 
( harge 
genera 


Intermedics Inc. 


P-O. Box 617 


Freeport, Texag 77541 
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Brand of 


propranolol hydrochloride 


Tablets 10 mg, 40mg, 80mg 


= alr ret 
cr | 





v Fa Fae C HESO 
PETER 


Hypertension: 
a new indication for Inderal 


Inderal (propranolol hydrochloride) is 
indicated in the management of hyperten- 
sion. It is usually used in combination with 
other drugs, particularly a thiazide diuretic. 
Inderal is not indicated for treatment of 
hypertensive emergencies. 


Actions of Inderal 


Propranolol hydrochloride decreases heart 
rate, cardiac output, and blood pressure. 
Although total peripheral vascular resistance 
may increase initially, it readjusts to the pre- 
treatment level, or lower, with chronic usage. 
Earlier studies indicate that plasma volume 
remains unchanged or may decrease. How- 
ever, there are certain more recent studies 
suggesting that in the absence of sodium 
restriction, plasma volume may increase. 


Mechanism of 

antihypertensive effects 

The mechanism of the antihypertensive 
effects of Inderal has not been established. 
Among the factors that may be involved are: 


(hy 








(1) decreased cardiac output, 


(2) inhibition of renin 
release by the kidneys, 
and 


Sg, 
Q 
S$ 

(3) diminution of tonic 

sympathetic nerve 


outflow from vasomotor 
centers in the brain. 





Inderal dosage must be 
individualized 

B The initial dose is 80 mg Inderal daily in 
divided doses. The dose may be increased 
gradually until optimum blood pressure 
response is achieved. 
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m Theusual effective dose range is 160 t tor 
480 mg per day. In some instances dosages 


of 640 mg per day may be required. 


B The time course of full blood pressure . 
response is variable and may range froma 
few days to several weeks. 


m Inderal is usually used in conjumction — 
with other antihypertensive agents, particu- 
larly a thiazide diuretic. When Inderalis ~ 
employed as the sole therapeutic agent, — 
concomitant dietary sodium restriction may 
be advantageous. 
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How Inderal is supplied ] 
TABLETS a 








—Each tablet contains 10 mg of propranok 
hydrochloride, in bottles of 100 and 1,000. 


—Each tablet contains 40 mg of proprano 
hydrochloride, in bottles of 100 and 1 000. 


—Each tablet contains 80 mg of propranok 
hydrochloride, in bottles of 100 and 1,000. 4 
(See HOW SUPPLIED section informations 
on following pages. ) 





Before prescribing Inderal for hypertension, 
please read the full prescribing information on 





the following two pages. 
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er full product information, see package cir- 
- cular.) 

INDERAL* 

- Brand of propranolol hydrochloride 
_ A beta-adrenergic blocking agent 


| BEFORE USING INDERAL (PROPRANOLOL 
| HYDROCHLORIDE). THE PHYSICIAN 
| SHOULD BE THOROUGHLY FAMILIAR WITH 
| THE BASIC CONCEPT OF ADRENERGIC 
_| RECEPTORS (ALPHA AND BETA), AND THE 
ET - PHARMACOLOGY OF THIS DRUG. 


LAESA ~] = ACTIONS 
- INDERAL is a beta-adrenergic receptor block- 
ing drug, possessing no other autonomic ner- 
vous system activity. It specifically competes 
with beta-adrenergic receptor stimulating 
agents for available beta receptor sites,.When 
access to beta receptor sites is blocked by 
DERAL, the chronotropic, inotropic, and 
‘asodilato¥ .responses to beta-adrenergic 
‘Stimulation are decreased proportionately. 
_ Propranolol is almost completely absorbed 
from the,gastrointestinal tract, but a portion is 
- immediately bound by the liyer. Peak effect oc- 
curs in one to one and one-half hours. The 
biologic half-life is Approximately two to three 
Yours. Propranolol is not significantly dialyza- 
‘ble. There is no simple correlation between 
- dose or plasma level and therapeutic effect, and 
the dose-sensitivify range as observed in clini- 
cal practice is Wide. The principal reason for 
this is that sympathetic tone varies widely be- 
tween individuals. Since there is no reliable 
test to estimate sympathetic tone or to deter- 
‘mine whether total beta blockade has been 
achieved, proper dosage requires titration. 
— Additional carcinogenicity studies in rats 
.and mice conforming to recently accepted pro- 
tocols are nearing completion and no drug. 
related increase in tumors has been observed. 
cu mechanism of the antihypertensive 
effects of INDERAL has not been established. 
Among the factors that may be involved are (1) 
decreased cardiac output, 2) inhibition of renin 
release by the kidneys, and (3) diminution of 
nic sympathetic nerve cutflow from vasomo- 
tor centers in the brain. 
-= Propranolol hydrochloride decreases heart 
Yate, cardia 
‘Although total peripheral vascular resistance 
‘may increase initially, it readjusts to the pre- 
treatment level, or lower, with chronic usage. 
Earlier studies indicate that plasma volume re- 
mains unchanged or may decrease. However, 
there are certain more recent studies suggest- 
ing that in the absence of sodium restriction, 
plasma volume may increase. 
— Beta receptor blockade is useful in conditions 
in which, because of pathologic or functional 
changes, sympathetic activity is excessive or 
inappropriate and detrimental to the patient. 
But there are also situations in which sym- 
pathetic stimulation is vital. For example, in 
patients with severely damaged hearts, ade- 
quate ventricular function is maintained by 
Birtue of sympathetic drive which should be 
preserved. In the presence of AV block, beta 
Blockade may prevent the necessary facilitat- 
ing effect of sympathetic activity on conduc- 
tion. Beta blockade results in bronchial con- 
striction by interfering with adrenergic 
bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 
- The proper objective of beta blockade 
therapy is to decrease adverse sympathetic 
stimulation but not to the degree that may im- 
pair necessary sympathetic support. 
— Propranolol exerts its antiarrhythmic effects 
In concentrations associated with beta- 
adrenergic blockade and this appears to be its 
principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, particu- 
arly, some authorities believe, in digitalis-in- 
duced arrhythmias. Beta-adrenergic blockade 
is of unique importance in the management of 
arrhythmias due to increased levels of circulat- 
ing catecholamines or enhanced sensitivity of 
the heart to catecholamines (arrhythmias 
associated with pheochromocytoma, thyrotoxi- 
cosis, exercise). 

In dosages greater than required for beta 
blockade, INDERAL also exerts a quinidine- 
like or anesthetic-like membrane action which 
affects the cardiac action potential and 
depresses cardiac function. 
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output, and blood pressure.. 






Propranolol may reduce the oxygen require- 
ment of the heart at any given level of effort by 
blocking catecholamine-induced increases in 
heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. 
On the other hand, propranolol may increase 
oxygen requirements by increasing left 
ventricular fiber length, end diastolic pressure, 
and systolic ejection period. 

f the net physiologic effect of beta 
adrenergic blockade in angina is advantageous, 
it would be expected to manifest itself during 
exercise by delayed onset of pain due to 
decreased oxygen requirement. 


INDICATIONS 
Hypertension 


INDERAL is indicated in the management of 
hypertension. It is usually used in combination 
with other drugs, particularly a thiazide 
diuretic. INDERAL is not indicated for treat- 
ment of hypertensive emergencies. 

Angina Pectoris Due to Coronary 
Atherosclerosis 

The initial treatment of angina pectoris in- 
volves weight control, rest, cessation of smok- 
ing, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. 
INDERAL is indicated in selected patients with 
moderate to severe angina pectoris who have 
not responded to these conventional measures. 
Propranolol should not be used in patients with 
angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL (propranolol hydrochloride) ex- 
erts both favorable and unfavorable effects, the 
preponderance of which may be beneficial. (See 
ACTIONS Section.) INDERAL should not be 
continued unless there is reduced pain or in- 
creased work capacity. 

Because of the potential for adverse results, 
treatment should be carefully monitored. The 
patient should also be reevaluated periodically 
since the dosage requirement and the need to 
continue INDERAL may be altered by clinical 
exacerbations or remissions. (See DOSAGE 
AND ADMINISTRATION.) 

Additional studies of the effects of 
INDERAL in angina pectoris patients are in 
progress to better evaluate and define the 
proper role of INDERAL in this condition. 
Cardiac Arrhythmias 
1.)Supraventricular arrhythmias 

a) Paroxysmal atrial tachycardias, particu- 
larly those arrhythmias induced by cate- 
cholamines or digitalis or associated with 
the Wolff-Parkinson-White syndrome. 
(See W-P-W under WARNINGS.) 

b) Persistent sinus tachycardia which is non- 
compensatory and impairs the well-being 
of the patient. 

c) Tachycardias and arrhythmias due to 
thyrotoxicosis when causing distress or in- 
creased hazard and when immediate 
effect is necessary as adjunctive, short 
term (2-4 weeks) therapy May be used 
with, but not in place of, specific therapy. 
(‘See Thyrotoxicosis under WARNINGS.) 

d) Persistent atrial extrasystoles which im- 
pair the well-being of the patient and do 
not respond to conventional measures. 

e) Atrial flutter and fibrillation when 
ventricular rate cannot be controlled by 
digitalis alone, or when digitalis is con- 
traindicated. 

2.) Ventricular tachycardias 

Ventricular arrhythmias do not respond to pro- 
pranolol as predictably as do the supra- 
ventricular arrhythmias. 

a) Ventricular tachycardias 
With the exception of these induced by 
catecholamines or digitalis, INDERAL is 
not the drug of first choice. In critical 
situations when cardioversion technics or 
other drugs are not indicated or are not 
effective, INDERAL may be considered. If, 
after consideration of the risks involved, 
INDERAL is used, it should be given intra- 
venously in low dosage and very slowly. 
(See DOSAGE AND ADMINISTRATION.) 
Care in the administration of INDERAL 
with constant electrocardiographic 
monitoring is essential as the failing heart 
requires,some sympathetic drive for main- 
tenance of myocardial tone. 

b) Persistent premature ventricular ex- 
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trasystoles which do not respond to con- 


ventional measures and impair the well- 
being of the patient. 

3.) Tachyarrhythmias of digitalis intoxication 

If digitalis-induced tachyarrhythmias per- 
sist following discontinuance of digitalis and 
correction of electrolyte abnormalities, they 
are usually reversible with oral INDERAL. 
Severe bradycardia may occur. (See OVER- 
DOSAGE OR EXAGGERATED 
RESPONSE.) 
Intravenous propranolol hydrochloride is 
reserved for life-threatening arrhythmias. 
Temporary maintenance with oral therapy 
may be indicated. (See DOSAGE AND AD- 
MINISTRATION.) 

4.) Resistant tachyarrhythmias due to ex- 
cessive catecholamine action during 
anesthesia 
Tachyarrhythmias due to excessive cate- 
cholamine action during anesthesia may 
sometimes arise because of release of endog- 
enous catecholamines or administration of 
catecholamines. When usual measures fail 
in such arrhythmias, INDERAL (propranolol 
hydrochloride) may be given intravenously 
to abolish them. All general inhalation 
anesthetics produce some degree of myo- 
cardial depression. Therefore, when 
INDERAL is used to treat arrhythmias dur- 
ing anesthesia, it should be used with ex- 
treme caution and constant ECG and central 
venous pressure monitoring. (See WARN- 
INGS.) : 

Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of 
hypertrophic subaortic stenosis, especially for 
treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL 
also improves exercise performance. The effec- 
tiveness of INDERAL in this disease appears to 
be due to a reduction of the elevated outflow 
pressure gradient which is exacerbated by beta 
receptor stimulation. Clinical improvement 
may be temporary. 


Pheochromocytoma 

After primary treatment with an alpha- 
adrenergic blocking agent has been instituted, 
INDERAL may be useful as adjunctive therapy 
if the control of tachycardia becomes necessary 
before or during surgery. 

It is hazardous to use INDERAL unless 
alpha-adrenergic blocking drugs are already in 
use, since this would predispose to serious blood 
pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine 
leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is 
a disadvantage in having both beta and alpha 
blockade since the combination prevents the 
increase in heart rate and peripheral vaso- 
constriction needed to maintain blood pressure. 


With inoperable or metastatic pheochromo- - 


cytoma, INDERAL may be useful as an adjunct 
to the management of symptoms due to ex- 
cessive beta receptor stimulation. 


CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock; 5) right 
ventricular failure secondary to pulmonary hy- 
pertension; 6) congestive heart failure (see 
WARNINGS! unless the failure is secondary to 
a tachyarrhythmia treatable with INDERAL: 
7) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), 
and during the two week withdrawal period 
from such drugs. 


WARNINGS 


CARDIAC FAILURE: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and inhibi- 
tion with beta-blockade always carries the po- 
tential hazard of further depressing myocardial 
contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing 
the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength of 
myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action 
of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of 
INDERAL and digitalis are additive in depress- 
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ing AV conduction. 


IN PATIENTS WITHOUT A HISTORY OF 
CARDIAC FAILURE, continued depression of 
the myocardium over a period of time can, in 
some cases, lead to cardiac failure. In rare in- 
stances, this has been observed during 
INDERAL (propranolol hydrochloride) therapy. 
Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be 
fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure 
continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be 
immediately withdrawn; b) if tachyarrhythmia 
is being controlled, patients should be main- 
tained on combined therapy and the patient 
closely followed until threat of cardiac failure 
is over. 


IN PATIENTS WITH ANGINA PEC- 
TORIS, there have been reports of ex- 
acerbation of angina and, in some cases, 
myocardial infarction, following abrupt 
discontinuation of INDERAL therapy. 
Therefore, when discontinuance of 
INDERAL is planned the dosage should 
be gradually reduced and the patient 
carefully monitored. In addition, when 
INDERAL is prescribed for angina pec- 
toris, the patient should be cautioned 
against interruption or cessation of 
therapy without the physician's advice. If 
INDERAL therapy is interrupted and ex- 
acerbation of angina occurs, it usually is 
advisable to reinstitute INDERAL 
therapy and take other measures ap- 
popat for the management of unsta- 

le angina pectoris. Since coronary ar- 
tery disease may be unrecognized, it may 
be prudent to follow the above advice in 
patients considered at risk of having oc- 
cult atherosclerotic heart disease, who 
are given propranolol for other indica- 
tions. 


IN PATIENTS WITH THYROTOXICOSIS, 
possible deleterious effects from long term use 
have not been adequately appraised. Special 
consideration should be given to propranolol's 
potential for aggravating congestive heart 
failure. Propranolol may mask the clinical 
signs of developing or continuing hyperthyroid- 
ism or complications and give a false impres- 
sion of improvement. Therefore, abrupt with- 
drawal of propranolol may be followed by an ex- 
acerbation of symptoms of hyperthyroidism, in- 
cluding thyroid storm. This is another reason 
for withdrawing propranolol slowly. 
Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON.- 
WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the 
tachycardia was replaced by a severe bradycar- 
dia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg 
propranolol. 

IN PATIENTS DURING ANESTHESIA with 
agents that require catecholamine release for 
maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated 
carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR 
SURGERY, beta blockade impairs the ability of 
the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 
hours prior to surgery. at which time all chemi- 
cal and physiologic effects are gone according 
to available evidence. However, in case of 
emergency surgery, since INDERAL is a com- 
petitive inhibitor of beta receptor agonists, its 
effects can be reversed by administration of 
such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to 
protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC 
BRONCHOSPASM (e.g., CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be 
administered with caution since it may block 
bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta 
receptors. 
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DIABETICS AND PATIENTS SUBJECT TO 
HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL 
(propranolol hydrochloride) may prevent the 
appearance of premonitory signs and 
symptoms (pulse rate and pressure changes) of 
acute hypoglycemia. This is especially impor- 
tant to keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accom- 
panied by. a precipitous elevation of blood 
pressure. í 
USE IN PREGNANCY: The safe use of 
INDERAL in human pregnancy has not been 
established. Use of any drug in pregnancy or 
women of childbearing potential requires that 
the possible risk to mother and/or fetus be 
weighed against the expected therapeutic ben- 
efit. Embryotoxic effects (fetal resorptions) 
have been seen in animal studies at doses about 
10 times the maximum recommended human 
dose. 


PRECAUTIONS 


Patients receiving catecholamine depleting 
drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added 
catecholamine blocking action of this drug may 
then produce an excessive reduction of the 
resting sympathetic nervous activity. Occa- 
sionally, the pharmacologic activity of 
INDERAL may produce hypotension and/or 
marked bradycardia resulting in vertigo, syn- 
copal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged 
periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be 
used with caution in patients with impaired 
renal or hepatic function. 


ADVERSE REACTIONS 


Cardiovascular: bradycardia; congestive heart 
failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; arterial insuf- 
ficiency, usually of the Raynaud type: throm- 
bocytopenic purpura 

Central Nervous System: lightheadedness; 
mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental 
depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for 
time and place, short term memory loss, emo- 
tional lability, slightly clouded sensorium, and 
decreased performance on neuropsycho- 
metrics. 

Gastrointestinal: nausea, vomiting, epi- 
gastric distress, abdominal cramping, diarrhea, 
constipation 

Allergic: pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and 
respiratory distress. 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrom- 
bocytopenic purpura, thrombocytopenic pur- 
pura 

Miscellaneous: reversible alopecia. Oculo- 
mucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported 
for a beta blocker ‘practolol) have not been con- 
clusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated 
blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is 
different for each indication. 

ORAL 

HYPERTENSION — Dosage must be individ- 
ualized. 

The initial dose is 80 mg INDERAL daily in 
divided doses. The dose may be increased grad- 
ually until optimum blood pressure response is 
achieved. The usual effective dose range is 160 
to 480 mg per day. In some instances dosages of 
640 mg per day may be required. The time 
course of full blood pressure response is varia- 
ble and may range from a few days to several 
weeks. INDERAL is usually used in conjunc- 
tion with other antihypertensive agents, par- 
ticularly a thiazide diuretic. When INDERAL is 
employed as the sole therapeutic agent, con- 
comitant dietary sodium restriction may be ad- 
vantageous. 

ANGINA PECTORIS — Dosage must be indi- 
vidualized. 

Starting with 10-20 mg three or four times 
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daily, before meals and at bedtime, dosage 
should be gradually increased at three to seven | 
day intervals until optimum response is ob- - 
tained. Although individual patients may re- - 
spond at any dosage level, the average optimum 
dosage appears to be 160 mg per day. In angina . 
pectoris, the value and safety of dosage exceed- 
ing 320 mg per day have not been established. 
If treatment is to be discontinued, reduces 
dosage gradually over a period af several 
weeks. (See WARNINGS.) UM 
ARRHYTHMIAS— 10-30 mg, three or four 
times daily, before meals and at bedtime. | 
HYPERTROPHIC SUBAORTIC STEN- — 
OSIS—20-40 mg three or four times daily, 
before meals and at bedtime. ; 
PHEOCHROMOCYTOMA — Pvreoperatively - 
—60 mg daily in divided doses for three days 
prior to surgery, concomitantly with an alpha- 
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adrenergic blocking agent. ss 
— Management of inoperable tumor—30 
daily in divided doses. ‘ 


PEDIATRIC DOSAGE px 
“At this time the data on the use of the drug ir 
this age group are too limited to permit a 
quate directions for use. 1 
INTRAVENOUS . 
Intravenous administration is reserved fo 
life-threatening arrhythmias or those occur 
ring under anesthesia. The usual dose is from 1 
to 3 mg administered under careful monitora 
ing, e.g. electrocardiographic,. central venous 
pressure. The rate of administration should not | 
exceed 1 mg (1 ml) per minute tp diminish the | 
possibility of lowering blood pressure and caus- 
ing cardiac standstill. Sufficient time should be 
allowed for the drug to reach the site of action. 
even when a slow circulation is present. If nec- 
essary, a second dose may be given after two | 
minutes. Thereafter, additional drug should 
not be given in less than four hours. Additional 
INDERAL should not be given when th 
desired alteration in rate and/or rhythm is 
achieved. a 
Transference to oral therapy should be made 
as soon as possible. * 
The intravenous administration of INDERA 
has not been evaluated adequately in the man- 
agement of hypertensive emergencies. 4 


OVERDOSAGE OR EXAGGERATED . 
RESPONSE * 
IN THE EVENT OF OVERDOSAGE OR EX- 
AGGERATED RESPONSE, THE FOLLOW- 
ING MEASURES SHOULD BE EMPLOYED: © 
BRADYCARDIA —ADMINISTER ATRO- 
PINE (0.25 to 1.0 mg: IF THERE IS NO 
RESPONSE TO VAGAL BLOCKADE, ADMIN- 
ISTER ISOPROTERENOL CAUTIOUSLY . 
CARDIAC FAILURE—DIGITALIZATION 
AND DIURETICS . - 
HYPOTENSION —VASOPRESSORS, e.g. 
LEVARTERENOL OR EPINEPHRINI 
(THERE IS EVIDENCE THAT EPINEPHRIN 
IS THE DRUG OF CHOICE.) 9 
BRONCHOSPASM —ADMINISTER ISO- 
PROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 
(propranolol hydrochloride) 
TABLETS rà 
— Each tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- 
0461-81) and 1,000 (NDC 0046-0461-91). 
Also in unit dose package of 100 (NDC 0046- 
0461-99). 5 
—Each tablet contains 40 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- 
0464-81) and 1,000 (NDC 0046-0464-91). 
Also in unit dose package of 100 (NDC 0046- 
0464-99). 1 
— Each tablet contains 80 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- 
0468-81) and 1,000 (NDC 0046-0468-91). 
Also in unit dose package of 100 (NDC 0046- 
0468-99). 
INJECTABLE 
—Each ml contains 1 mg of propranolol hy- 
drochloride in Water for Injection. The pH is 
adjusted with citric acid. Supplied as: 1 ml 
ampuls in boxes of 10 (NDC 0046-3265-10). 
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The left ventricular ejection fraction was determined serially with radi 
isotope angiography in 63 patients with acute myocardial infarction. Aft 
the peripheral injection of a bolus of technetium-99m, precordial radi 
activity was recorded with a gamma scintillation camera and the ejecti 
fraction calculated from the high frequency left ventricular time-activ! 
curve. Since this technique requires no assumptions with respect to li 
ventricular geometry, it is particularly useful in patients with segmen 
left ventricular dysfunction. Serial measurements during the first 5 da 
after hospital admission were made in 50 patients, 30 of whom we 
studied during the subsequent 2 to 39 months (mean 19.9 months). Lé 
follow-up serial studies were also performed in an additional 13 patier 
who had only one measurement of the left ventricular ejection fracti 
during the early postinfarction period. 

Early after infarction, the left ventricular ejection fraction was norm 
(more than 0.52) in only 15 of the 63 patients, and averaged 0.52 + 0. 
(standard deviation) in the 27 patients with an uncomplicated infarct. T 
ejection fraction was reduced in 24 patients with mild to moderate | 
ventricular failure (0.40 + 0.05, P <0.0001) and in the 12 patients w 
overt pulmonary edema (0.33 + 0.07, P <0.0001). In 35 patients t 
ejection fraction correlated with the mean pulmonary arterial wed 
pressure (r = 0.72). In 15 patients with normal left ventricular wall moti 
by heart motion videotracking, the ejection fraction was significan 
higher (0.53 + 0.08) than in the 26 patients with regional left ventricu 
dysfunction (0.41 + 0.10, P <0.0001). During the early postinfarcti 
period, the left ventricular ejection fraction improved in 55 percent 
patients and remained unchanged or decreased in 45 percent. A furtl 
increase in the ejection fraction was noted in 61 percent of patients dur 
the late follow-up period. Patients with an initially low or decreasi 
ejection fraction had a significantly greater incidence of early mortal 
and left ventricular dysfunction (P <0.02) than those whose ejecti 
fraction was normal or improved to normal early after infarction. The 
data indicate that the ejection fraction is a sensitive indicator of | 
ventricular function after acute myocardial infarction and that sei 
measurements are helpful in predicting early mortality and morbidity 
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\BLE I 
tients With Left Ventricular Ejection Fraction Determined Early and Late After Myocardial Infarction 





Early Postinfarction Period Late Follow-up Period 


Number of Age (yr) Studies per Patient Studies per Patient 
1 d Patients Total Total 
I a (no.) Mean Range Mean Range Studies Mean Range Studies 
Group A 20 60 (41—82) 2.9 2-4 58 ENS ds 
Group B 30 .56 (38—73) 2.6 2-5 79 2.1 (1—6) 62 
Group C 13 57 (37—82) 1 = 13 1.3 (1-3) 13 
All groups ` t 63 57 (37—82) 2.3 2-5 150 1.8 (1—6) 79* 





Groups B and C only. 

iroup A was studied serially within the first 5 days after infarction; Group B was studied serially early (within the first 5 days) and 2 to 39 
nths (mean* 19,9 months) after infarction; Group C was studied serially during the late follow-up period 2 to 35 months after the acute in- 
ition [mean 13.9 months] with only one study during the first 5 days after infarction. 
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jere is clearly a’need for noninvasive techniques that 
ll permit sequential study of left ventricular perfor- 
ance early after an acute myocardial infarction and 
ring subsequent convalescence. Accurate sequential 
ninvasive ,studies would provide information re- 
rding changes in left ventricular function and the 
ects of therapeutic interventions and could yield 
edictive data concerning morbidity and mortality in 
tients with a recent myocardial infarction. 

The indirect measurement of systolic time intervals 
»m high speed electrocardiographic, phonocardio- 
iphic and indirect carotid arterial pulse recordings 
S been proposed as a useful method for detecting 
anges in left ventricular performance after acute 
rocardial infarction.'? However, systolic time inter- 
ls are affected by many factors, exhibit wide indi- 
jual variations and often are not helpful in assessing 
t ventricular performance in patients with recent 
rocardial infarction.?? Recently, single probe unidi- 
"tional echocardiography has been utilized as a non- 
rasive method for determining left ventricular vol- 
es, ejection fraction and mean rate of internal di- 
ieter shortening (mean Vcf), assuming that the re- 
'ded segmental function is representative of the entire 
amber. However, abnormal regional wall motion 
curs in most postinfarction patients and alterations 
left ventricular chamber size and shape may lead to 
erroneous estimation of left ventricular volumes 
ien data are derived from a single standardized 
hocardiographic beam recording.’ A different non- 
tumatic approach to the measurement of ejection 
iction has recently been used by Van Dyke et al.® 
ieir technique is virtually free of assumptions with 
spect to left ventricular geometry, and the ejection 
iction is derived from instantaneous changes in pre- 
rdial count rates as an intravenously administered 
lioactive tracer travels through the left ventricle. The 
ction fraction obtained by this method correlates well 
th the ejection fraction measured by single plane 
atriculography?*? and, in a recent study in our labo- 
ory, with the ejection fraction calculated from bi- 
ine cineventriculograms.? 

Jase of performance, use of a physiologically inert 
lioactive tracer with a short effective half-life and 
edom from geometric assumptions make this tech- 
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nique particularly useful in patients with acute myo- 
cardial infarction. For these reasons, we employed this 
virtually noninvasive method to assess left ventricular 
performance serially during the first few days after 
myocardial infarction and during subsequent follow- 


up. 
Material and Methods 


Sixty-three consecutive patients with acute myocardial 
infarction admitted to the University of California, San Diego 
Myocardial Infarction Research Unit were studied. Their ages 
ranged from 37 to 78 years (mean 57.4 years); 50 patients (79 
percent) were male. Acute myocardial infarction was diag- 
nosed when at least two of the following criteria were present: 
(1) a history of typical prolonged chest pain; (2) evolution of 
electrocardiographic changes of acute transmural infarction; 
and (3) characteristic serial elevations of serum enzymes 
(creatine phosphokinase [CPK], glutamic oxaloacetic trans- 
aminase [GOT] and lactic dehydrogenase [LDH]). Thirteen 
of these patients (21 percent) had a previous myocardial in- 
farction. Informed and written consent was obtained before 
each study. 

In this study the early postinfarction period was defined as 
the first 5 days after the onset of chest pain; the late follow-up 
period ranged from 2 to 39 months. In 50 patients ejection 
fraction was measured in the coronary care unit on at least two 
occasions during the early postinfarction period, and in 30 of 
these patients measurements were repeated during the late 
follow-up period. Late follow-up data were also obtained in 
an additional 13 patients who were studied only once during 
the first 5 days after acute myocardial infarction (Table I). 

Radionuclide angiocardiography and determination of left 
ventricular ejection fraction were performed as described 
previously.? In brief, technetium-99m (10 to 14 mCi of sodium 
pertechnetate in approximately 1 ml of 0.9 percent sodium 
chloride) was injected rapidly either into the pulmonary artery 
through a Swan-Ganz catheter or into a peripheral vein 
(jugular or large antecubital vein). As the ??m'Tc bolus dose 
traveled through the heart, precordial activity was recorded 
in a 30? right anterior oblique projection with a gamma scin- 
tillation camera (Searle Pho-Gamma HP) equipped with a 
4,000 parallel hole, high resolution low energy collimator. All 
image data were initially stored in a digital “list mode" or 
magnetic tape (Searle Data Storage/Playback Accessory) and 
subsequently transferred to a small dedicated digital com- 
puter (MED II, General Electric Corporation). The radio- 
nuclide angiogram was displayed on the computer oscilloscope 
in a 64 by 64 matrix and “regions of interest” were assigned 
with a light pen to the left ventricular blood pool and to the 
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FIGURE 1. Computer printout of a typical left ventricular > 50+ 
high frequency time-activity curve corrected for back- © 40+ a 
ground interference. Each curve point is equal to the -= á : 
number of counts collected in 40 msec. The cyclic fluc- © soki à 
tuations of the curve correspond to the cyclic changes « 204 x 
in the left ventricular volume. Each peak correlates to 
end-diastole (ED), each valley to end-systole (ES). With 10+ 
use of the early downslope of the curve, the ejection 0 


fraction is calculated from the difference in counts be- 
tween end-diastole and end-systole divided by the counts 
at end-diastole. 


surrounding background area. High frequency data time- 
activity curves (25 points/sec) were generated from both re- 
gions and corrected for camera dead-time losses. After ad- 
justment of the left ventricular time-activity curve for back- 
ground interference (for example, by subtracting the nor- 
malized background time-activity curve from the left ven- 
tricular time-activity curve), ejection fraction was calculated 
from the high and low points on the early downslope of the 
curve (corresponding to end-diastole and end-systole) (Fig. 
1). 

In this study, instantaneous counting rates for each curve 
point were relatively low, ranging from 50 to 150 counts for 
each 40 msec curve point. Whereas in theory it seems possible 
to derive ejection fraction only from the curve points at end- 
diastole and end-systole, the low count rates would be ex- 
pected to introduce significant statistical errors. In order to 
put less reliance on single curve points, all curve points 
throughout at least two and usually three to four cardiac cycles 
were approximated with a sine wave function and its ampli- 
tude was used to determine end-diastolic and end-systolic 
values. One recognizes that left ventricular volume changes 
during the cardiac cycle do not, in fact, follow a pure sine wave 
function, but rather a complex function composed of sine 
waves, triangular waves and square waves. Nevertheless, the 
sine wave function appeared to resemble best the cyclic 
changes in count rates on the left ventricular time-activity 
curve and permitted accurate calculation of the left ventric- 
ular ejection fraction with considerably improved statistical 
reliability. Thus, as reported previously, ejection fraction 
obtained with this radionuclide technique closely correlated 
with ejection fraction determined with biplane cineventri- 
culography.? In this study, the value of 0.52 was considered 
to be the lower limit of the normal ejection fraction.!? 

Determination of the left ventricular ejection fraction with 
this technique is highly reproducible even if the radioactive 
bolus dose is administered at different sites. As reported 
previously,’ ejection fraction determined in six patients after 
bolus administration into the superior vena cava correlated 
closely with the ejection fraction obtained in the same six 
patients after the radioactive tracer was injected through a 
peripheral vein 24 hours latér (r = 0.96; mean difference 6.4 
percent). 


During the early postinfarction period, the ejection fraction 
was compared with the mean pulmonary arterial wedge 
pressure as an index of left ventricular filling pressure in 35 
patients and with the cardiac index and stroke volume index 
in 28 patients. The mean pulmonary arterial wedge pressure 
was measured immediately before the isotope study through 
a flow-directed balloon-tipped catheter positioned appro- 
priately under fluoroscopic monitoring.!! Cardiac output and 
stroke volume were determined by the thermodilution 
method!? within 2 hours of measurement of the ejection 
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fraction. Roentgenographic assessment of the external le! 
heart dimension as an index of left ventricular size and heai 
motion videotracking for the analysis of left ventricular wa 
motion were performed during the early postinfarction perio 
and during the early and late follow-up periods with met od 
described previously.!?:4 The left heart dimension was dé 
termined by measuring the distance from the midline to th 
widest point on the left heart border on a standardized ele 
trocardiogram-triggered, end-diastolic chest X*ray film durin 
an inspiration of 1,000 ml above the patient's functional ré 
sidual capacity.!'? s 
Left ventricular wall motion was assessed with a 23 cr 
image intensifier, a Plumbicon television camera and the heag 
motion videotracker (Biotronix).!4 After a staridard inspire 
tion, motion of the border of the left ventricle was recorde 
from high, mid and low sites in the frontal, lateral and 15? lel 
and right anterior oblique projections. The movement of th 
selected sites was analyzed with respect to amplitude an 
velocity and classified according to a modification of the tel 
minology employed previously by Herman.and Gorlin! 
Dyskinesia was defined as paradoxical systolic outward m 
tion, hypokinesia as a 50 percent or greater reduction of wa 
motion compared with normal segments, and akinesia as ak 
sence of wall motion. x» 
During late follow-up a patient was considered to have le 
ventricular dysfunction when two of the following signs wer 
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FIGURE 2. Left ventricular (LV) ejection fraction, measured in 63 pe 
tients early after acute myocardial infarction, compared with the pi 3 
tients' clinical class (see text). The horizontal line in each colum 
represents the average value. The statistical differences among classe! 
|, Il and Ill are expressed by the P values (nonpaired t test). | 
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ABLE II | 
; inical Class and Hemodynamic Measurements in 34 Patients Early After Acute Myocardial Infarction 















| Class | Class |] Class II] 

B Patients (no.) 13 p* 10 pt 11 pt 
ean pulmonary arterial 11:9:& 1.1 NS 14.4 * 1.4 NS 17.8 + 2.0 « 0.02 
CM pressuree(mm Hg) 

ardiac index (liters per 2.8 * 0.2 NS 2 € 0.2 «0.02 2.0 * 0.2 «0.01 

-min/m?) 

Make volume index 37.2 * 3.0 NS 30.4 * 2.1 «0.008 21.2 + 22 <0.005 
ml/beat per m?) 

jection fraction * 0.49 + 0.02 <0.05 0.43 + 0.02 <0.002 0.33 + 0.02 <0.0001 


"Each value represents the average and 1 standard error of the mean. 

bevel of significance for the difference between classes | and Il; T level of significance for the difference between classes |! and III; t level of 
gnificance for the difference between classes | and III. 

5 "NS = not significant; P = probability. 


2 x 
^ . 


resent: (1) cardiomegaly, (2) bibasilar rales, and (3) a third Among the hemodynamic measures, the ejection 
sound. fraction separated the three clinical classes best. T'hus, 
For statistical analysis of the data Student's t test for in 34 patients whose cardiac output was measured, only 


aired and unpaired data and standard regression equations 


em the ejection fraction was significantly different among 


5 all three classes (Table II). The interclass differences 
E- i Results for the mean pulmonary arterial wedge pressure were 
| not significant. 


arly Postinfarction Studies Serial changes in left ventricular ejection frac- 


| Ejection fr action compared with early clinical tion during the early postinfarction period: Among 
ind hemodynamic findings: In the 63 patients, ejec- the 50 patients with early serial measurements, ejection 
ion fraction obtained during the early postinfarction fraction improved during the early postinfarction period 
eriod (the first 5 days) averaged 0.44 + 0.10 (standard in 27 (54 percent), deteriorated in 13 (26 percent) and 
eviation). The ejection fraction was normal in only 15 remained unchanged in 10 (20 percent). These changes 
atients and reduced (less than 0.52) in the remaining occurred within an average time of 1.9 days. By the end 
8 patients (76 percent). This reduction in ejection of the early postinfarction period, the ejection fraction 
raction was clearly reflected in the patients’ status had returned to normal in eight patients but had de- 
sing the clinical classification employed by the Na- creased from normal to reduced in four. 
ee Heart and Lung Institute Myocardial Infarction For the entire patient group these individual changes 
esearch Units!6 (Fig. 2). Thus, in 27 patients in class resulted in a moderate, but not significant, increase in 
| without evidence of congestive heart failure, the the ejection fraction during the early postinfarction 
| jection fraction averaged 0.52 + 0.05 and was normal period (Table IIIA), whereas the heart rate was un- 
n 15 (56 percent) of these patients. Significantly lower changed, the mean arterial pressure reduced by an av- 
jection fractions were observed in the 24 patients in erage of 10.5 percent (P «0.001) and the external left 
|] ass II with signs of mild to moderate left ventricular heart dimension slightly but significantly decreased (P 
ailure (average of 0.40 + 0.05, P <0.001); none of these «0.01). These changes in ejection fraction were analyzed 
atients had a normal ejection fraction. In the 12 pa- further in 12 patients whose ejection fraction improved 
ients in class III with overt pulmonary edema the and who also had other hemodynamic studies (Fig. 3). 
jection fraction was more severely depressed, averaging In these 12 patients, thisimprovement (P «0.002) was 


Mly 0.33 + 0.07 (P «0.0001); none of these 12 patients 
iad a normal ejection fraction. 


Ay oe MA oe C D 

_The ejection fraction was inversely related to the 0.6 z > 140 T 80 
nean pulmonary arterial wedge pressure, measured in A 5 g^ = E z Fco 
5 patients (r = —0.72). Furthermore, in 28 patients who 9 05 g 40 wy 120 S70 

ad cardiac output measurements during the early < 2 5 $ 
ostinfarction period, the cardiac index ranged from 1.4 dt Ee DM í eM 
o 4.3 liters/min per m? body surface area (mean 2.5) 2 ul My 5 

r nd the stroke volume index from 11 to 60 ml/beat per : 24 Pd & 20 Sint p 50 = 
n? (mean 31.2). However, both of these hemodynamic NUES s is SS ps es 
neasures correlated poorly with the ejection fraction [vd Y E 7 a 
r values of 0.47 and 0.54, respectively), and the ejection T = o Ui 40 ET 
raction was often reduced i in the presence of a normal I 3 X ^ ni MAU: Io 
ardiac index and stroke volume index. This correlation p<.02 NS p<.004 


FIGURE 3. Oku changes in mean pulmonary arterial (PA) 
id not i ere ee when the stroke work index was sub- wedge pressure, mean arterial blood pressure and external left heart 


tituted for the cardiac index or stroke volume index (r dimension in 12 patients whose left ventricular (LV) ejection fraction 
P. 48). improved during the early postinfarction period (see text). 


i 
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associated with decreases in mean pulmonary arterial 





wedge pressure (P «0.02) and external left heart di- El, Sin Sum 
mension (P «0.004) but no significant changes in av- E cz 2 Z g Z 
erage heart rate or mean arterial pressure. Nevertheless, E 
individual variations occurred; for example, mean S 
pulmonary arterial wedge pressure increased in three c ier PUER Ma 
patients and the external left heart dimension in one E — * Wo AS. 
Table IIIA relates the changes in left ventricular E: 
ejection fraction to drug therapy during the early z ENS ones 
postinfarction period. Values for ejection fraction x oer et i 
h d d b ° ifi " T = +i +1 +H + +l +H 
showed a moderate but significant improvement over c m. 00 HOO 
values in untreated patients only in the 31 patients who z s D SSS. 
received digitalis, diuretic drugs or antihypertensive = w 
drugs, alone or in combination. S = . 
Changes in mean pulmonary arterial wedge pressure E F|- S =) z S ee 
during the early postinfarction period did not consis- £ E ooo ooo 
tently reflect changes in ejection fraction. For example, 5 £ Diss VAN 
in 10 patients with initial mean pulmonary arterial > S t 
wedge pressures that were abnormally elevated (12 to = s bcc yarn 
20 mm Hg), a subsequent decrease was associated in T rus EU EE XE AA 
each instance with an increase in the ejection fraction. S i- res 3t 
However, in two patients, mean pulmonary arterial - 5 
wedge pressures were reduced from 24 and 35 mm Hg 1 c PEAY SA 
; * * = oO H +1 + H +1 +! 
to 3 and 27 mm Hg, respectively, whereas the ejection £|- osz9 599 
fraction remained unchanged. In four patients with 2 wi 
initially normal or decreasing pulmonary arterial wedge = 8 i 
pressures, the ejection fraction decreased in two, but & E Z| osa 
increased in the other two patients. There was an in- p e/a] s|222| 5 eco 
consistent relation between changes in the external left Qo 0 - E 2| 3 Ax 
heart dimension and the ejection fraction. In seven e E E: = > 
patients, a decrease of the left heart dimension from an aj 2 Elanm| ©) ann = A 
AE a 9 - o = ó HHH 0 +i +H + Q 4 
initially enlarged value (more than 52 mm/m? body 2 z c| goy| s| eTe Ee. 
surface area) was associated with an improvement of the 2 T z T M 
ejection fraction. However, in nine patients with an Tu g w ai UA - di 
initially normal left heart size, a further decrease was S EARE, HOH +H Pd b: 1 
accompanied by an increase in ejection fraction in only 5 D re 60 B58 | 958 . 
six patients. Y eee 
Relation of ejection fraction to abnormal wall s E -N 35 $3 
motion: Left ventricular wall motion was analyzed in S N un c $ 5 8 $ 
the early postinfarction period in 41 patients. No an- - Y Es feu) 
terior or lateral wall motion abnormalities were detected z ?52 4 
in 15 patients (36 percent) and the average ejection [^ 5 SN Ad 2 eU 
ri A : O * ; S065 
fraction in these patients was higher (0.53 + 0.08) than a "ES pue oco | wi 
+ h Fa, 96 ^ h Kihi d al > I, m HHH H+H H E 2 a i^ 
in the remaining 26 patients who exhibited segment c = OOM oor o34 9 
: z : $ : è J E: c tt tO «t £u ) 
left ventricular hypokinesia, akinesia or dyskinesia ul 9 coo coo EE 
(average 0.41 + 0.10, P <0.0001). t 9 22 c 
jo uw MOAN CN ON QN e538 
Late Follow-up Studies e ooo ooo geo 
3 l i -- ooo ooo UD Qr e 1 
Ejection fraction related to heart rate, blood A T CPUS de o5 | Se See 
pressure and drug therapy: In the 43 patients with c AY. SiS] Seo 
during the late follow- i S ee 
measurements during the late follow-up period (2 to 39 = 2.5 
z à A o ue Oy ! 
months, mean 19.7 months) after acute myocardial in- © E~ " *5 26 
farction, ejection fraction had increased from 0.45 + 0.02 je =e i SN 8 S s 
at the end of the early postinfarction period to 0.49 + T p Soll 
0.01 (P <0.01). This increase was accompanied by a 9 z * z991 
significant reduction in heart rate and a significant in- m 2g ge, | 55 =g 
crease in mean arterial blood pressure (Table IIIB). = S 232 232 | stom 
During this time period, the ejection fraction increased us d p". crs | seq 
in 26 patients (61 percent), decreased in 10 (23 percent), o S IZE a2t | Sau 
and remained unchanged in 7 patients (16 percent). EO PEA A 
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3 URE 4. Relation between diterations in’ wall motion abnormalities 

d left ventricular (LV)'ejection fraction when measured during the first 

days (I) and 2 to 39 months (average 19.4 months) (II) after myocardial 

arction. The horizontal line in each column represents the mean 

llue. Data at left and right are, respectively, from patients whose 
ental wall motion improved and deteriorated (see text). 


E 
jection fraction did not improve significantly in the 
atients who required treatment, whereas a significant 
nprovement occurred in the 14 nontreated patients 
l'able IIIB). 
qn fraction related to wall motion abnor- 
ities: Subsequent follow-up studies showed a rather 
or nsistent relation between alterations in left ventric- 
lar wal! motion and changes in ejection fraction. Im- 
rovement or deterioration of segmental wall motion 
normalities during the late follow-up period was de- 
ined as follows: (1) disappearance or appearance of 
)normal wall motion; (2) a decrease or increase in the 
umber of recorded sites exhibiting abnormal wall 
" Eton: and (3) a change from dyskinesia to hypokinesia 
r akinesia, from hypokinesia to akinesia or vice-versa. 
m ong the patients with sequential wall motion studies 
u uring the early postinfarction and follow-up periods 
all motion was not altered in 16 patients (48 percent), 
ad deteriorated in 6 (17 percent) and improved in 13 
37 percent). Ejection fraction did not change signifi- 
antly when no alterations in wall motion occurred, but 
ecreased significantly (P <0.01) when wall motion 
normalities deteriorated or occurred for the first time 
uring the follow-up period (Fig. 4). Conversely, ejection 
ction significantly increased (P <0.001) when wall 
notion abnormalities either improved or disap- 
eared. 


F 








jection Fraction and Morbidity and Mortality During 
a rly and Late Postinfarction Periods 


j - To relate the early changes in ejection fraction to the 
übsequent clinical course, patients were classified into 
Wo groups: group I, 18 patients whose ejection fraction 
fas either normal or improved to normal during the 
arly postinfarction period, and group II, 32 patients 
'hose ejection fraction was either reduced or decreased 
‘om normal during this period (Table IV). All patients 
po died within less than 60 days after acute myocardial 
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TABLE IV 


Early and Late Mortality of Patients with 
Serial Ejection Fraction (EF) Measurements 
During the Early Postinfarction Period 


Group I: Group Il: 
Early EF Early EF 
Normal or Low or 
Improving Decreasing 
to Normal to Low 
Patients (no.) 18 32 
Early mortality («60 days) 0 6 
Causes of death 
Congestive heart failure 3 
Sudden death 2 
Myocardial rupture 2. 1 
Late mortality (260 days) 3 7 
Causes of death 
Recurrent myocardial infarction aw 4 
Sudden death 2 2 
Bronchopneumonia 1 1 





infarction were in group II; there were no early deaths 
among the 18 patients in group I. Moreover, 6 months 
after the acute myocardial infarction, 64 percent of 
patients in group II had clinical signs of left ventricular 
dysfunction compared with only 31 percent of patients 
in group I (P «0.02). This difference between the two 
groups became less pronounced during further follow- 
up, and 24 months after infarction the incidence rate of 
left ventricular dysfunction was similar for both groups 
(29 percent in group I and 31 percent in group II). 
However, only 34 patients have been followed up for 12 
months and only 20 patients for 2 years or more. Ten 
patients died during the late follow-up period, three in 
group I and seven in group II. The remaining patients 
have been followed up for less than 24 months after 
infarction. Similarly, there was no significant difference 
in the average ejection fraction between the two groups 
when studied an average of 19.7 months after the acute 
myocardial infarction (0.51 + 0.03 in group I versus 0.48 
+ 0.02 in group II). 


Discussion 


Advantages of radionuclide measurement of 
ejection fraction: In this study, serial measurements 
of left ventricular ejection fraction were used to assess 
changes in left ventricular performance early and late 
after acute myocardial infarction. Ejection fraction was 
determined by a *nontraumatic" radionuclide tech- 
nique. On the basis of previous comparisons with sin- 
gle*? and biplane cineventriculographic measurements,? 
this radionuclide technique permits accurate and re- 
producible determinations of the ejection fraction in 
patients with valvular heart disease or coronary artery 
disease with and without regional left ventricular dys- 
function. Unlike electrocardiographically gated scin- 
tigraphy,! ^ which utilizes the area-length method for 
analysis, the currently employed technique requires no 
assumptions regarding chamber geometry, an important 
consideration in view of the high rate of wall motion 
abnormalities in patients with acute myocardial in- 
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farction. The use of different injection sites for the ra- 
* dioactive tracer during the serial studies—the antecu- 
bital or jugular vein or, when available, through a flow 
guided catheter into the pulmonary artery—has little 
if any effect on the results, as shown previously by Steele 
et al.8 and in our laboratory.? 

Because the ejection fraction is calculated from the 
initial passage of the tracer through the heart, all re- 
cordings are made within less than 60 seconds; thus, one 
can use readily available radioactive tracers such as 
99m'T'c-pertechnetate or—if subsequent infarct imaging 
is desired —??"Tc-pyrophosphate.!? The short intra- 
vascular half-life of these agents, moreover, permits 
repeat studies at relatively short time intervals. Con- 
versely, selecting ?9m'Tc-human serum albumin as the 
tracer with a longer intravascular half-life permits ad- 
ditional left ventricular wall motion analysis by elec- 
trocardiographically-gated scintigraphy.!? 

Left ventricular ejection fraction during the 
early postinfarction period: relation to hemody- 
namic measurements and abnormal wall motion: 
Left ventricular performance after an acute myocardial 
infarction has been described previously in terms of left 
ventricular filling pressure, cardiac output, stroke vol- 
ume and stroke work.?9-?? In general, these hemody- 
namic indices were consistent with the clinical findings, 
although discrepancies occurred in individual patients. 
Thus, in a study by Hamosh and Cohn,” patients with 
uncomplicated infarction frequently exhibited abnor- 
mal elevations of the left ventricular filling pressure and, 
in patients in shock, these increases ranged from mild 
to severe. Similarly, normal values for cardiac output, 
stroke volume and stroke work have been reported in 
patients with heart failure or even shock.?0.24.25 

Among the factors that alter left ventricular perfor- 
mance after acute myocardial infarction, two are likely 
to be of major importance: (1) the extent and compli- 
ance of the infarcted and noncontractile region; and (2) 
the functional state of the residual noninfarcted myo- 
cardium.26-3? Therefore, measurement of left ventric- 
ular filling pressure alone or of cardiac output, stroke 
volume or stroke work may not reliably reflect the true 
functional state of the left ventricle. For instance, to 
deliver a normal stroke volume, the stiff left ventricle 
appears to operate from a higher end-diastolic pressure; 
whereas the more compliant chamber is likely to in- 
crease its end-diastolic volume.?? 

'These compensatory mechanisms may serve to ex- 
plain the lack of a better agreement in our study be- 
tween commonly used hemodynamic measures such as 
mean pulmonary arterial wedge pressure, cardiac out- 
put and stroke volume index and the ejection fraction. 
Although the mean pulmonary arterial wedge pressure 
does not always accurately reflect the true left ventric- 
ular end-diastolic pressure,** this limitation is unlikely 
to account entirely for its relatively poor correlation 
with the ejection fraction. Cardiac index, stroke volume 
index and stroke work index agreed even less well with 
the left ventricular ejection fraction. Although these 
measurements were not obtained simultaneously with 
the ejection fraction and therefore could have changed 
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during the time between the hemodynamic and radi 
nuclide determinations, such changes in a large numb 
of patients would tend to be random and would m 
explain the lack of a better agreement. On the oth 
hand, the same stroke volume can be delivered from 
small or a large left ventricular chamber. The ejectic 
fraction, however, represents the ratio ofstroke volun 
to end-diastolic volume and therefore is not necessar 
proportional to the stroke volume. ^78 
Moreover, by relating the stroke volume to the en 
diastolic volume, the left ventricular ejection fractic 
appears to be a more sensitive index of left ventricul 
performance in postinfarction patients. In this stud 
it permitted better separation of the patients' clinic 
classes than did the other hemodynamic measures. T 
slight degree of overlap betwéen the ejection fractic 
in the different clinical classes (Fig. 2) can be attributé 
to the subjective nature of the clinical classification. 4 
indicated earlier, a reduced ejection fraction may occ 
in patients with a normal cardiac index and mean pu 
monary arterial wedge pressure. ° ; 
Among the 63 patients studied early after the acı 
myocardial infarction, the ejection fraction was reduce 
in 47 patients (75 percent). Even in the 27 patien 
without physical findings suggestive of left ventricul; 
dysfunction, the ejection fraction was nornial in only 1 
it was not normal in any patient with signs of mild 1 
moderate left ventricular failure and averaged only 04 
in patients with overt pulmonary edema. These findi nf 
are consistent with a recent study by Rigo et al.,! ar 
suggest that the ejection fraction is a sensitive indicat 
of impaired left ventricular function after an acul 
myocardial infarction. M 
The extent of depression of left ventricular perfo 
mance appears to be quantitatively related to the extel 
of abnormal regional wall motion as assessed by cin 
ventriculography? and by gated scintiphotography. 
The noninvasive analysis of wall motion by vide 
tracking employed in our study does not permit 
quantitative description of the extent of abnorm 
segmental wall motion and often does not detect the le 
common wall motion disorders involving septal or di 
phragmatic portions of the left ventricular surfac 
Nevertheless, the patients with normal wall motion] 
videotracking had significantly higher ejection fractio; 
than those with wall motion abnormalities. _ | 
Serial changes in left ventricular ejection fra 
tion during the late follow-up period: Althou; 
previous reports??35-4! concerning changes in le 
ventricular function during the early convalescent pha 
after an acute myocardial infarction have been som 
what conflicting, most suggest that improvement occu 
in the majority of patients. Thus, in recent studies | 
Rahimtoola et al.,4° left ventricular end-diasto| 
pressure decreased and left ventricular stroke wo 
increased in 55 percent of patients between the 2nd d 
and 3 to 8 weeks after the acute myocardial infarctio 
During a similar interval, Rigo et al.!? observed an i 
crease in ejection fraction in 14 of 20 patients. In o! 
study, the ejection fraction improved in 54 percer 
deteriorated in 26 percent and remained unchanged 
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) percent of patients within the first 5 days after the 
cute infarction. In 43 patients subsequent measure- 
nents after the acute myocardial infarction showed an 
nchanged left ventricular ejection fraction in 16 per- 
ent, deterioration in 23 percent and further improve- 
nent in 61 percent compared with measurements ob- 
ained during the last study during the early postin- 
arction period. Nevertheless, the ejection fraction for 
he entire patient group showed significant, although 
nly moderate improvement (by 8.9 percent) (P <0.01) 
etween the end of the early postinfarction period and 
he late follow-up study, whereas mean arterial blood 
ressures ifiereased significantly. These data do not 
ermit identification of a specific cause for the late 
hange im ejection fraction. However, experimental 
;udies suggest that scar formation may play an im- 
ortant role.*° Reduction in heart size and wall motion 
bnormalities may also contribute to this finding. 
‘In contrast to the serial changes in ejection fraction 
ring the late follow-up period, when a significant 
aprovement was observed only in the patients who 
quired no drug therapy (Table IIT), ejection fraction 
uring the early postinfarction period improved sig- 
ficantly only in the patients who were treated with 
etic agents, digitalis or antihypertensive drugs ei- 
ier alone of in combination (Table III). Therefore, it 
Spears that the improvement in left ventricular per- 
rmance early after the acute myocardial infarction was 
ie result of drug-related alterations in ventricular 
ading conditions or enhanced contractile state of the 
maining intact myocardium. 
"Thus, as indicated earlier, the ejection fraction tended 
improve during serial outpatient studies in patients 
nose wall motion abnormalities decreased or whose left 
art dimension either decreased or became normal. In 
ntrast, the ejection fraction tended to remain ab- 
brmal in patients who manifested new wall motion 
normalities or persistent cardiomegaly during late 
llow-up studies. These data indicate that left ven- 
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tricular performance in patients with persistent car- 
diomegaly and wall motion abnormalities is unlikely to 
improve during long-term follow-up. 

Serial changes in ejection fraction related to 
subsequent morbidity and mortality: Of the 63 pa- 
tients included in this study, 16 died during the fol- 
low-up period. Serial changes in ejection fraction were 
closely related to mortality during the early convales- 
cent period (the first 60 days after the acute myocardial 
infarction). During this time, no patient with a normal 
or improved ejection fraction died, whereas six of the 
patients with reduced or a decreased ejection fraction 
died. In all the patients who died, measurements were 
made at least 2 days before death and the reduced 
ejection fraction, therefore, did not reflect the terminal 
event. However, the level of ejection fraction measured 
in the first 5 days after infarction was not predictive of 
late overall mortality, although deaths due to recurrent 
myocardial infarction were more frequent in the pa- 
tients with a low ejection fraction during the early 
postinfarction period. Moreover, at 6 months after the 
infarct, left ventricular dysfunction was more common 
in these patients than in those with an initially normal 
or increasing ejection fraction. 

These findings are consistent with previous 
studies!935-4! and suggest that the early serial mea- 
surements of ejection fraction are helpful in predicting 
early morbidity and mortality. Furthermore, serial 
measurements of the left ventricular ejection fraction 
during the immediate postinfarction period appeared 
to be a better measure of the functional state of the left 
ventricle than serial measurements of the pulmonary 
arterial wedge pressure or the stroke volume. Since 
measurement of the ejection fraction by means of the 
radionuclide method is simple, safe and reliable, further 
studies employing this technique regarding the effects 
of therapeutic interventions on left ventricular perfor- 
mance and its relation to early and late morbidity and 
mortality seem warranted. 
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ontrast Agent in Patients With Coronary Artery Disease 


Regional myocardial specific blood flow (regional specific flow) was 
measured at rest and during contrast hyperemia after the intracoronary 
injection of xenon-133. The changes in regional specific flow were tran- 
sient, resulting in some compromise in one of the underlying restraints 
of the inert gas washout method, namely, the presence of a steady state. 
Therefore, to determine the clinical utility of this technique, regional 
specific flow values obtained with this method were correlated with the 
presence and severity of coronary artery disease as assessed from the 
coronary arteriogram and left ventriculogram. Regional specific flow during 
contrast hyperemia was 186 + 11 (mean + 1 standard error of the mean) 
ml/min per 100 g in control patients and 115 + 5 in patients with coronary 
artery disease. There was an inverse relation between regional specific 
flow during contrast hyperemia and the percent coronary stenosis when 
the stenosis was 40 percent or greater (r — 0.70, P « 0.001). Regional 
specific flow was significantly less in patients with asynergy (77 + 10 
ml/min per 100 g) than in patients with normal ventricular function (105 
+ 5) distal to coronary stenoses of greater than 75 percent. Thus, regional 
specific flow measured during contrast hyperemia using the xenon 
washout technique and the Anger camera differentiated patients with 
normal coronary arteriograms from those with coronary artery disease. 
With this technique, good correlation was shown between regional specific 
flow and the percent coronary stenosis and presence of ventricular wall 
abnormalities. The information obtained with this method may provide 
prognostic information concerning suitability for surgical intervention. 


Although coronary arteriography is indispensable for gauging the extent 
of arterial narrowing and the development of collateral circulation, ad- 
ditional techniques are needed to determine the hemodynamic signifi- 
cance of a given lesion and to gauge residual coronary arterial reserve 
under the stress of increased myocardial oxygen demand.! 

Attempts to improve the diagnostic precision of coronary arteriog- 
raphy with parallel measurements of global myocardial specific blood 
flow using a diffusible indicator and a single probe detector have not met 
with great success. (The inert gas washout technique provides a measure 
of blood flow per volume of distribution of the tracer and can be ex- 
pressed as flow per weight of the tissue receiving the tracer. Therefore, 
all references to blood flow measurements obtained with this technique 
are expressed as specific flow, that is, flow/weight of myocardium.) The 
use of the scintillation camera has circumvented many of these dif- 
ficulties and supplemented the angiogram by measuring regional myo- 
cardial specific blood flow (regional specific flow).?-4 However, regional 
specific flow measured at rest is of limited value in the assessment of 
coronary artery disease, particularly when lesions involve less than 75 
percent of the coronary arterial lumen.® 
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Myocardial blood flow increases after coronary ar- 
* terial administration of contrast agents.9-? After acute 
coronary stenosis in the dog, the increase in flow is in- 
versely proportional to the degree of stenosis after a 
critical degree of stenosis has been reached.9 After the 
intracoronary injection of radio-labeled macroaggre- 
gates, increased heterogeneity in myocardial perfusion 
can be demonstrated in patients with coronary artery 
disease.? 

We have investigated the clinical utility of a direc- 
tional index of regional myocardial blood flow obtained 
with xenon-133 during hyperemia induced by admin- 
istration of contrast agent. Contrast agent-induced 
vasodilation is a rapidly changing transient event, and 
thus some error is probably introduced into the blood 
flow measurements, which require the presence of a 
steady state. Our aim in this study was to determine 
whether the index of regional specific blood flow ob- 
tained with this method correlated with estimates of the 
severity of coronary artery disease obtained with coro- 
nary angiography and left ventriculography. 


Methods 


Patient selection: Thirty patients with a stable but usually 
severe chest pain syndrome undergoing routine diagnostic 
coronary arteriography were selected at random except that 
patients with clinical or angiographic evidence of either valve 
disease or primary myocardial disease were excluded from the 
study. Informed consent was obtained in all patients before 
angiography. The patients were evaluated with biplane left 
ventriculography and selective coronary angiography followed 
by selective injection of !??Xe into the left coronary artery at 
rest and again during contrast agent-induced hyperemia. Five 
of these patients had normal coronary arteriograms and left 
ventriculograms. 

Cardiac catheterization: Each patient was in the fasting 
state and was premedicated with diphenhydramine, 50 mg, 
and diazepam, 10 mg, orally or intramuscularly. Right and left 
heart catheterization with biplane left ventriculography was 
performed. Selective coronary angiography in multiple pro- 
jections was then performed using the femoral route. The 
percent stenosis of the diameter of the coronary arterial lumen 
was estimated visually by two interpreters utilizing multiple 
views of the coronary arteries. Only stenoses involving the left 
anterior descending and left circumflex arteries and their 
major branches were considered in the data analysis. 

Data on left ventricular function were determined from 
the left ventriculogram. Axis shortening from end-diastole to 
end-systole was determined from hand-drawn ventriculo- 
graphic silhouettes. End-diastole was defined as the largest 
silhouette, end-systole the smallest. Only the first four regu- 
larly conducted beats after complete opacification of the 
ventricle were used. The reproducibility of these silhouettes 
from one early beat to the next in the same ventriculogram has 
previously been demonstrated in our laboratory.!? The lower 
limits of normal values for axis shortening in our laboratory 
are greater than or equal to 10 percent shortening in the lon- 
gitudinal axis in the right anterior oblique projection and to 
20 percent shortening in the major transverse axes in both the 
right anterior oblique and left anterior oblique projections. 
Posterolateral asynergy was evaluated in the left anterior 
oblique projection and anteroapical asynergy in the right 
anterior oblique projection.!! No attempt was made to eval- 
uate septal asynergy in the left anterior oblique projection 
because of variable effects on septal motion depending on the 
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FIGURE 1. Regions of interest over proximal and distal portions of le 
anterior descending (LAD) and left circumflex (LCX) coronary arterie 
The position of these vessels was determined from [he initial frame 
of the gamma camera image while most of the xenon was intravasct 
lar. . 


level of obstruction in the left anterior descending artery 
because flow in the right coronary artery, which us 
supplies the posterior septum, was not studied. | 
Measurement of regional myocardial specific bl 
flow: At least 10 minutes was allowed to elapse between th 
last injection of contrast agent for diagnostic coronary an | 
ography and the selective injection of xenon. To permit ht 
modynamic variables to stabilize, at least 30 minutes was al 
lowed to elapse between the last sublingual administratio 
of nitroglycerin and the intracoronary injection of xenon. : 
The patient was placed in the left anterior oblique positio 
under the fluoroscopic unit, where the center and borders o 
the heart were marked on the chest. A catheter was placedi 
the left main coronary artery and its position confirmed b 
an injection of 0.25 ml of contrast material. The patient w 
positioned under the scintillation camera in the left antéri 
oblique position, and 20 to 25 mCi of !??Xe in 2 ml of salin 
solution was injected; a 3 ml saline flush followed. Washou 
was monitored with a scintillation camera for 2 minutes afte 
the injection of xenon. ig 
Immediately after the baseline study, a second injection wé 
made into the coronary artery. This injection consisted of 2. 
cc of Renografin-76® (meglumine and sodium diatrizoate 
followed by 20 to 25 mCi of !3?Xe, followed by a second bolt 
dose of 2.5 cc of Renografin-76. Washout was monitored fc 
1 minute after the injection. The catheter was then remove 
from the coronary artery; thus, the catheter remained in th 
left main coronary artery approximately 5 minutes (2 minut 
after the first injection, 2 minutes during preparation for th 
second study and 1 minute after the second injection). 
Regional washout curves were obtained by placing elet 
tronic cursors over the proximal and distal portions of the le: 
anterior descending and left circumflex coronary arteries (Fii 
1). The position of these vessels was determined from th 
initial frames of the gamma camera image during the arterié 
phase of the study, and regional specific flow was calculate 
from the initial slope of the xenon clearance curve. For th 
baseline study, washout curves were constructed using 2 se¢ 
ond time frames from the peak counting rate to 40 second 
afterward. To minimize possible effects of fat or other nor 
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iuscular components on the calculation of blood flow, only 
ne slope of the curve representing the first 40 seconds of 
ashout data was computed using a nonweighted, monoex- 
onential least squares program. From the initial slope, 
ivocardial specific flow in ml/min per 100 g was determined 
sing the equation 


É. S Ir a: S 
| p 


here k was the mean slope calculated from 0 to 40 seconds, 
was the blood:tissue partition coefficient (assumed to be 
//2) and p was the specific gravity of myocardial tissue (as- 
imed to be 1.05). 
5 regional specific flow during contrast agent-induced hy- 
eremia was measured from the portion of the washout curve 
»monstrajing augmented flow. Two criteria were used in 
Mecting this portion of the curve: (1) The starting and end 
pints were defined as those points on the curve where the 
ope, computed over a 6 second interval, changes most rap- 
ly. (2) The linear regression coefficient (r) for that portion 
the washout curve extending 6 seconds after the starting 
bint and 6 seconds immediately before the end point had to 
> greater than*0.50, thus eliminating elbows from the portion 
‘the curve subjected to analysis. The resultant washout curve 
'eraged 15 seconds (range 10 to 20 seconds) and was 
ibjected to nonweighted least squares analysis to compute 
ie slope. Regional specific flow was then calculated as de- 
ibed. . 
In four patients, reproducibility was determined by per- 
rming two studies using an injection of 2.5 cc of Reno- 
afin-76, followed by 25 mCi of 133X e. followed by 2.5 cc of 
enografin-76 in each case. Five to 10 minutes was allowed 
elapse between each study. Specific flow from the four re- 
ons of interest was calculated as described. 
Regional specific flow values for the distal quadrant 
rerlying the left anterior descending artery and the distal 
jadrant overlying the left circumflex artery were used for 
tistical analysis. Regional specific flow during the baseline 
udy and during contrast agent-induced hyperemia and the 
lange in regional specific flow within the same quadrant 
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GURE 2. Reproducibility of regional myocardial specific blood flow 
MBF) measurements during contrast hyperemia in four patients. Runs 
and 2 were both performed during contrast hyperemia with 10 minutes 
parating the two studies. 


between the two studies were correlated with percent coronary 
arterial stenosis and left ventricular wall motion. Regression ` 
analysis was performed on regional specific flow values and 
the estimated percent coronary stenosis. For presentation and 
for analysis of variance, percent stenosis was classified as 
follows: 25 to 49 percent, 50 to 74 percent, 75 to 99 percent and 
100 percent stenosis. 


Results 


Reproducibility: The mean blood flow obtained in 
the 16 quadrants (in four patients) was 82.9 ml/min per 
100 g during the baseline study (run 1) and 79.6 during 
the study during contrast hyperemia (run 2) (Fig. 2). 
The mean percent difference between blood flow ob- 
tained during the two studies in the 16 regions of in- 
terest was 9.1 percent (Fig. 2). 

The reproducibility with which regional specific flow 
was estimated in a given region during contrast agent 
hyperemia was represented as the difference between 
the two pairs of determinations divided by an estimate 
of the true value of flow, in this case, the average of the 
pair of determinations. Thus, 


flow 1 — flow 2 
flow 1 + flow 2 


Analysis of variance indicated that there was no sig- 
nificant difference between regions in the reproduc- 
ibility of flow estimation. Thus, the reproducibility of 
the flow estimate (as the sampling estimate of the 
standard error) was 9.9 percent. 

Baseline regional specific flow: Regional specific 
flow was 96 + 10 (mean + standard error of the mean) 
ml/min per 100 g in control patients and 65 + 2 in pa- 
tients with coronary artery disease. Although these 
differences were significant (P <0.001), there was con- 
siderable overlap between blood flow values in indi- 
vidual patients, and there was no correlation between 
regional specific flow and the visually estimated percent 
coronary arterial stenosis (Fig. 3). 


percent reproducibility = 2 - X 100 
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FIGURE 3. Correlation between regional myocardial specific blood flow 
(RMBF) at rest and percent coronary stenosis. CAD = coronary artery 
disease. 
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Regional specific flow during contrast agent 


hyperemia: Regional specific flow during contrast 


agent-induced hyperemia was significantly greater in 
control patients (186 + 11 ml/min per 100 g) than in 
patients with coronary artery disease (115 + 5) (P 
<0.001). Regional specific flow (in ml/min per 100 g) was 
170 + 14 distal to lesions of less than 50 percent; 129 + 
5 distal to lesions of 50 and 74 percent; 96 + 6 distal to 
lesions of 75 to 99 percent; and 95 + 10 distal to 100 
percent stenoses. There was an inverse relation between 
regional specific flow during contrast agent-induced 
hyperemia and the percent coronary stenosis when the 
stenosis was 40 percent or greater (regional specific flow 
= 197-1.1 [percent stenosis], r = 0.70, P <0.001) (Fig. 
4). There were insufficient data points for analysis of 
less than 40 percent stenosis. The absolute specific flow 
during contrast agent-induced hyperemia distinguished 
control patients from patients with coronary artery 
disease more accurately than regional specific flow at 
rest. Regional specific flow values distal to stenoses of 
greater than 50 percent were lower than all but one re- 
gional specific flow value in patients with normal cor- 
onary arteriograms and lower than all but one flow value 
distal to stenoses of less than 50 percent. There was no 
significant difference in regional specific flow distal to 
stenoses of less than 50 percent and regional specific 
flow in patients with normal coronary arteriograms. 
Increase in regional specific flow during contrast 
hyperemia: There was an increase of 90 + 12 ml/min 
per 100 g in the control patients between the baseline 
and contrast agent studies. The increase in all patients 
with coronary artery disease was 50 + 4 ml/min per 100 
g (P «0.01). The increase in regional specific flow (in 
ml/min per 100 g) was 96 + 16 distal to lesions of less 
than 50 percent; 44 + 12 distal to lesions of 50 to 74 
percent; 36 + 5 distal to lesions of 75 to 99 percent; and 
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FIGURE 4. Correlation between regional myocardial specific blood flow 
(RMBF) during contrast hyperemia and percent coronary arterial ste- 
nosis. CAD = coronary artery disease. 
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34 + 9 distal to 100 percent stenoses. Thus, we found at 
inverse relation between increase in regional specifi 
flow and the percent of coronary stenosis (r = 0.62, $ 
<0.001). E 
Characteristics of the washout curve durin 
contrast hyperemia: In control patients, there was al 
initial plateau lasting several seconds imniediately afte 
the bolus injection of xenon (Fig. 5). Immediately afte 
the plateau, there was a period of increased xenol 
clearance lasting 10 to 15 seconds. After this point, th 
washout rate returned to levels equal to or less that 
those found during the baseline study. A 
In patients with coronary artery disease, the initia 
plateau in the washout curve lasted considerably longe 
and was followed by a period of increased flow (not a 
great as that in control patients) and finally by a clear 
ance rate less than or equal to that during the baselint 
study (Fig. 5). k- 
In the control patients, the initial plateau lasted 1. 

+ 1.0 (standard error of the mean) seconds. In patient 
with coronary artery disease, the duration ef the plateai 
was 8.0 + 0.8 second. Thus, the duration of the initia 
plateau was significantly longer in patients with coro 
nary artery disease (P «0.005). However, the correlation 
between the duration and the severity of coronary arteri 
disease was weak. 35 
Correlation with ventricular wall function: Wal 
function was assessed in 13 patients with stenosis o 
greater than 75 percent involving the léft anterior de 
scending or left circumflex coronary artery, or both. h 
14 regions involving tissue perfused by the left anterio 
descending coronary artery, anteroapical asynergy wa 
assessed; in 9 regions involving tissue perfused by th 
left circumflex artery, posterolateral asynergy was as 
sessed. In 16 regions with coronary stenosis of 75 percer 
or greater but with normal ventricular function in th 
tissue perfused by that vessel, regional specific flow we 
105 + 5 ml/min per 100 g. In seven patients with coro 
nary stenosis of greater than 75 percent and wit. 
asynergy in that portion of the wall supplied by th 
stenosed vessel, flow was 77 + 10 ml/min per 100 g Q 
<0.01). - 
Discussion y: 

Myocardial specific blood flow measured at rest wit] 
the radioactive xenon washout technique has not beel 


CONTROL CAD ^ 


In CPM In CPM 





o 1 (0) 
TIME (min) 


TIME (min) 


FIGURE 5. Washout curve obtained during contrast hyperemia in patie! 
with normal coronary arteriogram (left) and patient with coronary artei 
disease (CAD) (right). CPM — counts per minute. 
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totally adequate indicator for assessing coronary ar- 
ry disease. When global myocardial specific flow was 
leasured with !33Xe, no significant differences were 
served in whole heart blood flow in patients with or 
ithout coronary artery disease.!?!? With the intro- 
action of techniques to assess regional myocardial 
becific blood*flow and coronary sinus sampling tech- 
iques to assess specific flow, significantly less flow was 
fend i in patients with stenosis of greater than 75 per- 
nt than in patients with normal coronary arterio- 
ams. $514 Similarly, in patients with prior transmural 
farction, decreased myocardial specific flow was found 
istal to stefhoses of greater than 80 percent.!^ Although 
here is a correlation between regional specific flow 
otained at rest and the presence of coronary arterial 
enosis and the presence of asynergy, there is a good 
2al of overlap between regional specific flow obtained 
| individual patients with normal coronary arterio- 
rams and in those with coronary artery disease.® 
As expected, we found considerable overlap between 
gional specific flow values obtained at rest in patients 
ith normal coronary arteriograms and in those with 
oderate or even severe coronary artery disease. 
herefore, resting studies of regional myocardial blood 
Ow are seriously limited in the additional diagnostic 
formation they provide in the assessment of coronary 
rtery disease. 
Ritchie et al.? have used the intracoronary injection 
f contrast medium to induce vasodilatation and sim- 
late stress. When myocardial scintigraphy was per- 
)rmed after the coronary injection of contrast agent 
lowed by radio-labeled macroaggregated albumin, 
atients with coronary artery disease manifested in- 
'eased heterogeneity in perfusion by comparison with 
ndings in the baseline study and in normal patients. 
We have found that regional specific flow measured 

iring contrast agent-induced hyperemia may be a 
insitive method for detecting hemodynamically sig- 
ificant coronary arterial lesions in man. Indeed, only 
ie regional flow value in a patient with a normal cor- 
nary arteriogram and only one flow value distal to a 
enosis of less than 50 percent overlapped regional flow 
alues with hyperemia obtained distal to stenoses of 50 
ercent or greater. These observations are in conformity 
ith results of animal studies® demonstrating a reduced 
apability to increase coronary blood flow during con- 
ast agent-induced hyperemia when stenoses are more 
nan 40 percent. 

Limitations of method: The usefulness and the 
mitations of the xenon washout technique for mea- 
iring regional specific flow have been reviewed else- 
here.16-?? We point out here only the limitations re- 
ed to this particular application of the technique. One 
ssumption of the inert gas washout method is the ex- 
itence of a steady state during the time of measure- 
ient. The injection of contrast medium results in a 
onsteady state with an initial decrease in blood flow 
»articularly in patients with coronary artery disease) 
dllowed by increasing flow and then a return to normal 
alues. We have attempted to prolong the period of 
trast agent-induced hyperemia by injecting contrast 
iedium both before and after the xenon injection. The 
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washout curves we have obtained appear monoexpo- 
nential during this increase in washout, lasting ap- 
proximately 10 to 15 seconds. Nevertheless, there is 
some deviation from the steady state during this period. 
In addition, it is possible that the hyperosmotic contrast 
agent may influence removal of !??Xe from the heart 
through effects independent of blood flow. This may be 
the case particularly during the early portion of the 
washout curve and may be a factor in the initial plateau. 
In any case, contrast agent may also affect the quanti- 
tative accuracy of the blood flow measurement. Thus, 
applying the inert gas washout method to contrast 
agent-induced hyperemia represents a qualitative 
rather than quantitative measure of regional myocardial 
blood flow. 

That the directional changes observed with this 
technique accurately separated normal patients from 
those with coronary artery disease and elucidated the 
factors associated with alterations in myocardial blood 
flow indicates that the deviation from the steady state 
during the measurement period is not a major limitation 
in applying this technique. The degree of overlap be- 
tween regional specific flow values at rest in patients 
with normal coronary arteriograms and those with 
coronary artery disease disappears during contrast 
agent-induced hyperemia, particularly in patients with 
stenosis of greater than 50 percent. There is good cor- 
relation between regional specific flow and the percent 
coronary stenosis; similarly, there is significantly less 
regional specific flow in patients with ventricular 
asynergy than in patients with normal ventricular 
function and the same degree of coronary stenosis. 

The initial plateau that is observed predominantly 
in patients with coronary artery disease may represent 

a reduction in regional specific flow due either to the 
RARER effects of contrast agent on the myocar- 
dium or to the effect of contrast agent on removal of 
xenon from the myocardium as previously discussed. 
The amount of contrast medium that was injected into 
the coronary artery (5 cc) is less than that injected 
during routine coronary angiography. However, the 
evident plateau is not an effect of a bolus injection since 
the injection of saline solution without contrast medium 
did not result in an initial period of reduced washout. 

Clinical usefulness of method: The value of this 
technique as an adjunct to the morphologic information 
provided from coronary angiography depends on its 
ability to provide information not obtained from con- 
trast procedures. In this regard, some variation in ré- 
gional specific flow exists in patients who apparently 
have the same degree of coronary stenosis and similar 
ventricular wall function. This variability is greater than 
one would expect from the reproducibility of the tech- 
nique itself and may indicate that regional specific flow 
cannot be predicted on the basis of subjective evaluation 
of the coronary arteriogram. Indeed, it may not be 
possible to estimate accurately the degree of stenosis by 
visual assessment of the coronary arteriogram.?! 
Therefore, regional specific flow may have prognostic 
significance in determining the suitability of patients 
for surgical or medical therapy and in determining the 
patient’s probable outcome. 


10. 
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Noninvasive myocardial imaging with potassium-43 and rubidium-81 has 
been used successfully to identify areas of infarction and exercise-induced 
ischemia as regions of decreased radioactivity. The image defects ob- 
served are believed to be due to a decreased radionuclide uptake in re- 
gions of myocardial scar or to heterogeneous myocardial accumulation 
of tracer as a result of regional ischemia. Of 27 patients with left bundle 
branch block studied with noninvasive imaging at rest and during exercise, 
25 manifested at rest reduced radioactivity in the region of the interven- 
tricular septum. This pattern is similar to that seen in patients with an- 
teroseptal myocardial infarction. Sixteen of the 27 patients underwent 
diagnostic coronary arteriography and left ventriculography. Only five of 
these patients had evidence of either previous infarction or significant 
obstructive coronary artery disease as assessed with clinical or angio- 
graphic criteria, or both. Although the image defect was routinely dem- 
onstrated at rest in patients with left bundle branch block, this defect was 
generally normalized or less distinct with exercise in patients with no 
anatomic heart disease. In contrast, a larger, more distinct or new image 
defect with exercise correctly identified the presence of significant ob- 
structive coronary artery disease in patients with left bundle branch block. 
In the clinical application of noninvasive myocardial imaging, these image 
defects observed at rest can lead to the false positive radionuclide in- 
terpretation of anteroseptal myocardial infarction. 


Although coronary artery disease and hypertension were formerly con- 
sidered the most frequent causes of left bundle branch block,!? recent 
evidence? suggests that the diagnosis of coronary atherosclerosis should 
not be made on the basis of this electrocardiographic finding alone. Left 
bundle branch block has frequently been found in subjects with no an- 
atomic cardiac disease.*~’ In addition, recent data$-? suggest that pa- 
tients with left bundle branch block and no angiographically demon- 
strable coronary artery disease have no greater morbidity or mortality 
than a general age-matched population. It is therefore important to 
determine whether left bundle branch block is associated with coronary 
artery disease or results from other causes. Unfortunately, in this con- 
duction disturbance, the QRS abnormalities interfere with the recog- 
nition of most electrocardiographic patterns of infarction, and the as- 
sociated ST-T wave abnormalities preclude the identification of the 
stress-induced changes usually considered diagnostic of coronary artery 
disease. Coronary angiography has usually been required to establish 
or exclude an atherosclerotic origin for left bundle branch block. 

We have utilized noninvasive myocardial imaging with potassium-43 
or rubidium-81 to evaluate more than 400 patients with coronary artery 
disease and have demonstrated that this technique is successful in 
identifying myocardial infarction and ischemia.!0-13 When patients with 
angina pectoris and normal ventricular conduction are studied at rest, 
accumulation of 5! Rb and *?K is homogeneous and myocardial images 
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are normal. During exercise-induced angina pectoris, 
a relative reduction in both myocardial cation uptake 
and tracer delivery may occur in vascular beds supplied 
by obstructed coronary arteries, and a regional image 
defect may define the ischemic vascular bed (Fig. 1). 
Patients with a normal heart and those with hemody- 
namically insignificant coronary lesions manifest nor- 
mal images both at rest and during exercise (Fig. 2). In 
patients with remote myocardial infarction, coronary 
occlusion impairs isotope delivery, and radionuclide 
uptake is minimal in the acellular scar. The resultant 
image defects conform to the area of infarction with 
little or no change noted between rest and exercise 
studies in the same patient. Because of those favorable 
results in the study of patients with coronary artery 
disease, we applied this technique to the noninvasive 
diagnostic evaluation of 27 patients with left bundle 
branch block. 


Materials and Methods 


Case material: Myocardial imaging was performed in 27 
patients with documented left bundle branch block evaluated 
between December 1973 and May 1975. The electrocardio- 
graphic criteria used were those of the New York Heart As- 
sociation. The clinical characteristics of these patients, as well 
as pertinent angiographic data, are described in Table I. The 
patients ranged in age from 18 to 57 years; 18 patients were 
male and 9 were female. In eight patients the left bundle 
branch block was intermittent, and in three of these it was 


EXERCISE i, 





FIGURE 1. Images demonstrating the ?'Rb findings in a patient with 
angina pectoris resulting from an isolated 90 percent obstruction of the 
left anterior descending artery. The images obtained at rest (upper 
panels) are normal, but those after exercise to angina pectoris (lower 
panels) demonstrate reduced tracer activity in the anteroseptal region 
in the left anterior oblique (LAO) projection. This defect is not defined 
in the anterior (ANT) projection. This patient had no electrocardiographic 
conduction disturbance. 

































related to heart rate. Although five patients were experiencing 
chest pain, only one was believed to have angina pectoris. Two 
had sustained a well documented myocardial infarction. Fou 
patients manifested arrhythmias, two with paroxysmal su- 
praventricular tachycardia and two with exercise-induc ed 
ventricular ectopy. Three patients had the auscultatory and 
echocardiographic findings of mitral valve prglapse. The re- 
maining 13 patients were free of any clinical suggestion of 
organic heart disease. No patient was known to have been 
hypertensive. 3 

During the same period of time 20 patients with electro 
cardiographic conduction abnormalities other than left bundle 
branch block were similarly studied with myocardial imaging. 
These 20 “control” subjects included 9 patients with right 
bundle branch block, 8 with the Wolff-Parkinson-Whi 
preexcitation syndrome and 3 with left anterior hpmiblock 
No patient in this group of 20 subjects was judged clinically 
to have coronary artery disease. | 

Procedures: Sixteen of the 27 patients with left bundle 
branch block and the 2 with right bundle branch block anc 
chest pain underwent selective coronary cineangiography and 
left ventriculography performed with use of either a brachia 
arteriotomy or a percutaneous femoral arterial approach, 
Coronary arteriograms were filmed at a rate of 60 frames/sec 
on 35 mm film using both the 6 and 9 inch (15 and 23 cm 
fields of a variable field image intensifier. Biplane left ven 
tricular cineangiography was performed in all patients after 
the intracavitary injection of 45 cc of contrast medium ovel 
3 seconds. Angiograms were independently reviewed by thr T 
of us. 

All 47 patients were evaluated at rest and after exercise wi 
noninvasive myocardial imaging using either rubidium-81 or 
potassium-43 as the radioactive tracer. With use of a graded 
maximal treadmill protocol, patients exercised to an end poi t 
of fatigue or well established chest pain. At this time, 1.0 mCi 








FIGURE 2. Images from a patient with right bundle branch block ant 
angiographically normal coronary arteries demonstrate a homogeneou: 
distribution of ®'Rb throughout the myocardium. The images are norme 
both at rest and during exercise. Abbreviations as in Figure 1. 
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43K or 2.0 mCi of ' Rb was injected intravenously and ex- 
cise was continued for an additional 30 to 45 seconds. The 
patients were then promptly taken to the adjacent nuclear 
nedicine laboratory where duplicate images were obtained 
n the anterior and 45? left anterior oblique positions using 
rectilinear scanner (Picker Magnascanner 500 with a 5 inch 
1 2.5 cm] crystal) and both 3 and 5 inch (7.5 and 12.5 cm) fo- 
used high energy collimators. Images were obtained at rest 
) to 6 days later after 12 to 14 hours of fasting and 10 minutes 
yf standing in the erect position to reduce gastrointestinal and 
le patic tracer uptake. The resultant images were initially 
nterpreted by at least two of us who were not present at the 
im e of imaging and were not aware of the patients' clinical 
liagnosis or‘laboratory findings. 

! In addition, four patients with left bundle branch block and 
ingiographically normal coronary arteries were studied with 
nyocardial perfusion imaging using technetium-99m-labeled 
articles injected directly into the coronary circulation ac- 
ording to the technique of Ashburn et al.!4 The bolus injec- 
ion of particles immediately followed an injection of 0.5 to 
-0 cc of contrast rhaterial to ensure an accurate intracoronary 
elivery of tracer. 
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a oronary arteriography: Of the 16 patients with 
eft bundle branch block subjected to selective coronary 
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angiography, 11 presented entirely normal coronary 
arterial and left ventricular anatomy. Two patients with 
left bundle branch block and no historic or laboratory 
evidence of cardiovascular disease had inconsequential 
angiographic evidence of nonobstructive coronary 
atherosclerosis and normal left ventricular contraction. 
In the remaining three patients, angiography demon- 
strated severe obstructive lesions including significant 
obstruction of the left anterior descending coronary 
artery in two of the three. Of these patients one was 
asymptomatic, one manifested classic angina pectoris, 
and the third manifested paroxysmal ventricular 
tachycardia during exercise. None of the three had ev- 
idence of myocardial infarction. Findings were normal 
in the two patients with right bundle branch block 
studied with selective coronary angiography and left 
ventriculography. 

Myocardial imaging: In 25 of the 27 patients with 
left bundle branch block, myocardial imaging with 4K 
or *'Rb both at rest and during exercise demonstrated 
decreased septal cation uptake consistent with anter- 
oseptal myocardial infarction. The abnormality was 
present irrespective of the presence or absence of cor- 
onary artery disease and was prominent in the resting 


Clinical and Angiographic Data in 27 Patients With Left Bundle Branch Block Undergoing Myocardial 


Imaging With *"Rb and **K 


| . Case Age (yr) 
E no. e & Sex ECG 
4 1 47F Int LBBB 
2 31M Int LBBB . 
b. 3 46F LBBB 
D 4 39M Int LBBB 
Mu. 
Du 
ag 5 57M LBBB, Q waves in 
E. lateral leads 
6 52M LBBB 
E 7 26F Int LBBB 
E 8 39M LBBB 
us .9 44M LBBB, long P-R 
Sg interval 
E. 10 37M LBBB 
E 11 48F LBBB 
En 12 42M LBBB 
ED. 
E 13 39M L8BB 
14 35F LBBB 
15 38M LBBB 
16 55M LBBB 
E 17 42F LBBB 
R 18 50M LBBB, long P-R 
E interval 
EM 19 35M Int LBBB 
po 20 18M Int LBBB 
EU. 
E. 21 25M LBBB 
B 22 46M Int LBBB 
xs 
E 23 44F LBBB 
fa 24 33M LBBB 
£- 25 39F LBBB 
krs 26 50M Int LBBB 
- 27 49F LBBB Y 





Clinical Cardiovascular Angiographic Findings of 


Status Arterial Obstruction 
Normal p 
Normal None 
Mitral valve prolapse None 


Exercise-induced 
ventricular tachycardia 
Postmyocardial 


80% LAD 


infarction 
Normal 90% LCA; 50% LAD 
Normal ug. 
Normal None 
Postmyocardial 
infarction 
Normal | 50% LCA; 30% LAD 
Mitral valve prolapse; None 
PAT 
Mitral valve prolapse; None 
PVCs 
Normal 
Normal a 
Normal None 
Angina pectoris 90% LAD; 75% LCA; 
85% RCA 
Normal None 
Normal None 
Normal None 
Paroxysmal atrial ask 
fibrillation 
Normal None 
Normal 50% obst of 1st 
diagonal branch 
of LAD 
Normal oe 
Normal 
Normal ne. 
Normal None 
Normal 





1 Int = intermittent; LAD = left anterior descending coronary artery; LBBB - nonintermittent left bundle branch block; LCA = left circumflex 
oronary artery; PAT = paroxysmal atrial tachycardia; PVCs = premature ventricular contractions; RCA = right coronary artery. 
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image of all 25 patients. In subjects with intermittent 
or heart rate-related left bundle branch block, these 
image defects were demonstrated whether or not the 
electrocardiographic conduction disturbance was 
present at the time of study (Fig. 3). All 11 patients with 








ANT 
FIGURE 3. Case 26. Myocardial *'Rb images obtained at rest in the 
anterior (ANT) and left anterior oblique (LAO) projections during left 
bundle branch block (LBBB) (upper panels) and normal conduction (NSR) 
(lower panels). The same anteroseptal defect is noted whether or not 
the conduction disturbance is present. 





FIGURE 4. Case 11. In a patient with left bundle branch block, myo- 
cardial scans in the anterior (ANT) and left anterior oblique (LA O) pro- 
jections utilizing “7K demonstrate the typical anteroseptal defect as- 
sociated with this conduction disturbance. The defect is more prominent 
at rest than during exercise. 





angiographically normal coronary arteries and 7 pe 
tients without clinical evidence of coronary artery dis 
ease manifested the typical imaging pattern of antero 
septal defect at rest. Exercise imaging in these 1 
subjects resulted ın a normal image in 6, an equive 
image in 7 and an abnormal (but less well defined thai 
the resting) image in 5 (Fig. 4). Imaging in Patient. 
yielded equivocal results at rest and normal results witl 
exercise; results in Patient 20 were normal both at res 
and with exercise. These were the only two subject 
whose resting study did not reveal an anteroseptal de 
fect. ^ 

The two asymptomatic patients who had left bunc 
branch block in conjunction with an anterior myocardlé 
infarction did not undergo coronary angiography. Eac 
demonstrated the typical image defect associated wit 
an anterior myocardial scar but also seen in patient 
with left bundle branch block in the absence of infarc 
tion. In both patients the image defect was more distinc 
during exercise, but the area of the defect was no 
changed significantly from that observed at rest (Fig 
5). 4 

Three patients with left bundle branch block wit 
severe obstructive coronary artery disease without. 
prior myocardial infarction demonstrated the usué 
image defects of left bundle branch block at rest. Wit. 
exercise, Patient 4, who had significant obstructiv 
disease of the left anterior descending coronary artery 
manifested increased area and clearer definition of th 
anteroseptal image defect. Patient 6, who had signif 
cant obstructive disease of the circumflex marginal ar 
tery, manifested a posterolateral defect with exercise 
whereas the high septal defect seen at rest was no longe 





pet tak 


EXERCISE 





L | n) i; "MN pee 
ANT LAO 4 
FIGURE 5. Case 9. Myocardial images in a patient whose left bundi 
branch block had developed in conjunction with a remote (anterio 
myocardial infarction. As in patients with myocardial infarction bi 
without left bundle branch block, the defect observed at rest is mor 


clearly defined with exercise. Abbreviations as in Figure 4. 
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entified. In Patient 16, who had three vessel coronary 
tery disease, exercise images demonstrated an ex- 
nsive anteroseptal defect as well as an inferior defect. 
nly a small anteroseptal defect had been evident at 
st (Fig. 6). Two asymptomatic patients with hemo- 
yr amically insignificant coronary artery disease by 
giography (fuminal obstruction less than 50 percent) 
so manifested an anteroseptal defect at rest that was 
ss evident with exercise; this pattern was similar to 
ndings in patients with left bundle branch block and 
ormal coronary arteries. One of these latter patients 
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6. Case 16. Ina patient with left bundle branch block and angina 

toris myocardial images obtained at rest show the anteroseptal 
fect typical of left bundle branch block; with exercise to angina 
ctoris an additional inferior wall defect is observed. These scans 
imonstrate how significant coronary artery disease can be identified 
the presence of the image defect associated with left bundle branch 
ck. Abbreviations as in Figure 4. 
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underwent postmortem examination after death from 
a head injury. Meticulous gross and microscopic ex- 
amination of the heart revealed a normal interventric- 
ular septum with no evidence of circulatory, microcir- 
culatory or fibrotic disease sufficient to cause either the 
conduction abnormality or the image defect. 

All four patients with left bundle branch block and 
angiographically normal coronary arteries who under- 
went imaging after selective right and left intracoronary 
injections of ??mTc-]abeled microspheres demonstrated 
a homogeneous distribution of radioactive particles 
throughout the septal myocardium; in contrast, ab- 
normal anteroseptal uptake was noted when 8!Rb or 9K 
was used for imaging studies in these same patients (Fig. 
7). The 20 patients with conduction disturbances other 
than left bundle branch block (right bundle branch 
block, Wolff-Parkinson-White syndrome, left anterior 
hemiblock) had normal images at rest and with exercise 
when studied noninvasively with rubidium-81 or po- 
tassium-43 (Fig. 2). 


Discussion 


Etiology of left bundle branch block: The main 
causes of left bundle branch block have been reported 
to be coronary artery disease, hypertension, valvular 
heart disease and cardiomyopathy.!:267.15 In addition, 
congenital heart disease,? a “primary” sclerodegener- 
ative process,'®-!8 myocarditis!? and congenital left 
bundle branch block!??? have been documented. 

The early reports}? on the etiology of left bundle 
branch block indicated that 35 to 68 percent of patients 
had arteriosclerotic heart disease, but several early case 
reports?-? also documented the occurrence of left bundle 
branch block in patients without heart disease. In ad- 
dition, pathologic studies!9-18 in patients with left 
bundle branch block revealed localized fibrosis of 
bundle branches in the absence of obstructive coronary 
artery disease. Lewis et al. reported that 8 of 12 pa- 
tients with left bundle branch block had normal coro- 
nary angiograms. Haft et al.’ noted that angiographic 
studies in 24 patients with left bundle branch block 
revealed that 7 had severe coronary disease but the re- 


T» FIGURE 7. Case 18. This patient with left bundle 
branch block and angiographically normal coro- 
nary arteries underwent imaging after an intra- 
coronary injection of 99"Tc-labeled micro- 
spheres. A microsphere scan in the left anterior 
oblique projection (left panel) is compared with 
a scanner image in the same projection obtained 
noninvasively with 43K. 
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maining 17 had normal coronary arteries. In addition, 

the prognosis of patients with left bundle branch block 
without demonstrable cardiovascular disease has been 
shown to be excellent in the work of Lewis et al. and 
other epidemiologic studies.'?5? Although the transient 
and fixed forms of left bundle branch block have been 
thought to have identical causes, in the study of Lewis 
et al. half of the patients with transient block had sig- 
nificant coronary disease and half did not. 

Eleven of our 27 patients with left bundle branch 
block had angiographically normal coronary arteries, 
and 22 had no clinical evidence of significant coronary 
atherosclerosis. Although 3 of the 27 were diagnosed 
clinically as having mitral valve prolapse, none had 
rheumatic valvular heart disease or congenital heart 
disease and none had a history to support a diagnosis 
of hypertension or myocarditis. The presence of any 
significant degree of cardiomyopathy was precluded by 
the absence of X-ray evidence for left ventricular hy- 
pertrophy, the lack of clinical data to suggest cardiac 
decompensation and normal left ventricular perfor- 
mance by left ventricular end-diastolic pressure mea- 
surements and angiography, when these studies were 
performed. The pathologic examination of the one pa- 
tient studied at autopsy revealed no small vessel disease 
of the left ventricle or fibrotic replacement of the 
myocardium. 

Image defects in presence of left bundle branch 
block and effect of exercise: Regardless of the pres- 
ence or absence of coronary artery disease, patients with 
left bundle branch block demonstrated an image defect 
at rest similar to that seen in patients with anterior 
myocardial infarction. Although the definition of this 
defect was variable, conduction abnormalities other 
than left bundle branch block did not demonstrate re- 
gional image defects. Thus, left bundle branch block 
must be added to the list of conditions that can produce 
false positive myocardial images. 

Of equal clinical relevance is that comparison of the 
rest and exercise images permitted one to identify the 
presence of significant obstructive coronary artery 
disease in patients with left bundle branch block. ‘There 
was a clear increase in definition of the defect with ex- 
ercise imaging in patients with left bundle branch block 
and obstructive coronary artery disease. In addition, 
patients with left bundle branch block with significantly 
obstructed coronary arteries supplying noninfarcted 
vascular beds demonstrated an increase in the defect 
area appropriate to the distribution of the obstructed 
vessel. Images obtained in patients with left bundle 
branch block without coronary obstructive disease 
typically showed an abnormal septal uptake of tracer 
at rest that was less well defined or even normal! with 
exercise. To date we have seen this tendency for an 
image defect observed at rest to normalize with exercise 
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only in patients with left bundle branch block and 
normal coronary arteries. 

Correlation with intracoronary tracer studies 
Comparative myocardial imaging with intracorona : 
tracer-labeled particles and intravenously administeret 
81Rb and 42K has demonstrated excellent correlation 
of these techniques in identifying patients with norm: 
and abnormal coronary circulation. Although perform ed 
in only four of the patients with normal coronary ar o- 
ries and left bundle branch block, imaging after selective 
right and left intracoronary injections of *m'Tc-]abeleq 
microspheres demonstrated a homogeneous E r 
of particles in contrast to the abnormal anterosepta 
tracer uptake noted during noninvasive imaging with 
81Rb and 4°K in these same patients. The reasons foi 
these disparate results are not evident, but furthei 
comparative study of these patients employing quan 
titative imaging approaches might provide furthei 
physiologic insights. 

Recently, Wackers et al.?! reported that nine patio 
with left bundle branch block and no evidence of acute 
myocardial infarction had normal scintiscans witk 
thallium-201, whereas patients with left bundle branck 
block and acute myocardial infarction manifested de: 
fects that localized the region of myocardial damage 
One can only speculate on the reason for normal ?9'T 
images in patients with left bundle branch block. Dif 
ferences in imaging technique may be sufficient to ac 
count for this phenomenon. Alternatively, the expla: 
nation may reside in physiologic differences betwee! 
the myocardial uptake patterns of ??' T] and the tra 
utilized in this study.?? 

Clinical implication: Twenty-two of our 27 patient 
with left bundle branch block had no condition con: 
sidered responsible for the conduction disturbance; anc 
in most the disturbance would be classified as idio: 
pathic. In performing noninvasive myocardial imaging 
with $!Rb and 4°K in these patients, we found that an: 
teroseptal i image defects at rest not observed in norma 
subjects or in patients with other selected conductior 
abnormalities are routinely demonstrable regardless o! 
the presence or absence of organic heart disease. These 
image defects can lead to the false positive interpreta: 
tion of anteroseptal myocardial infarction, and only the 
demonstration of larger or more distinct regions of re: 
duced tracer uptake with exercise can correctly identify 
the presence of obstructive coronary artery disease. . 
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Electrophysiologic studies were conducted in 17 patients without apparent 
sinus node disease before and after intravenous administration of 1 to 2 
mg of atropine. Mean values in milliseconds (+ standard error of the 2 
mean) before and after administration of atropine were as follows: sin IS 
cycle length 846 + 26.4 versus 647 + 20.0 (P <0.001); sinus nodal re- 
covery time 1,029 + 37 versus 774 + 36 (P <0.001); mean calculated 
sinoatrial (S-A) conduction time 103 + 5.7 versus 58 + 3.9 (P <0.001); 
mean P-A interval 34 + 1.5 msec versus 31 + 1.5 (P « 0.05); mean atrial 
effective and functional refractory periods during sinus rhythm 285 + 11.4 
versus 238 + 7.9 and 331 + 11.6 versus 280 + 8.6, respectively (P 
<0.001 for both); mean atrial effective and functional refractory periods 
measured at equivalent driven cycle length 239 + 7.7 versus 213 + 7.4 
and 277 + 11.4 versus 245 + 9.5, respectively (P «0.001 for both). > 

In conclusion, atropine shortened sinus cycle length, sinus nodal re- 
covery time and calculated S-A conduction time. The shortening of atrial: 
refractory periods with atropine implies that vagotonia peers atrial 
refractoriness in man. 


It is widely believed, primarily on the basis of previous animal experi- 
mentation, that vagotonia facilitates and atropine depresses intraatria 
conduction in man.'-? There are few studies in man either confirming 
or negating these hypotheses.5? Intracardiac electrode catheter tech- 
niques utilizing atrial stimulation allow precise evaluation of human 
sinus nodal function and intraatrial conduction. Recent studies"? have 
described effects of atropine on only selected aspects of sinus or atrial 
function in small numbers of patients with and without sinus or atrial 
disease. 

In this study, we systematically evaluated the effects of atropine on 
sinus and atrial properties in patients without apparent sinus node or 
atrial disease. As expected, there was an increase in sinus rate, a decrease 
in sinus recovery time and shortening of calculated sinoatrial (S- A) 
conduction time. There was also facilitation of intraatrial conduction 
as manifested by decreases in atrial effective and functional refrac 
periods, an unanticipated result. 


Material and Methods 


Patients: Seventeen patients undergoing electrophysiologic studies were 
studied. Eight patients had normal electrocardiograms with no evidence of 
conduction disturbance and nine had intraventricular conduction defects. None 
of these patients had documented or suspected sinus node disease. Specifically, 
no patient had documented sinus bradycardia, S-A block or sinus arrest. All 
patients had normal sinus recovery time (less than 1,680 msec), normal calculated 
S-A conduction time (less than 152 msec), normal P-A interval (less than 45 
msec) and normal atrial effective and functional refractory periods (less than 
350 and 400 msec, respectively).810-11 In addition, no patient had paroxysm 
tachycardia during the electrophysiologic studies. 
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FABLE | 


tlectrophysiologic Effects of Atropine on the Sinus Node and Atrium in Individual Patients (all measurements in msec) 


b Sinus Cycle Calculated P-A 

» Length SRT SACT Interval 
RRS tat os plete sts, Cece ey tn D EE CE 
no. B A B A B A B A 


970 690 1410 1190 70 45 36 40 
940 670 1180 740 140 85 43 4 
910 750 1150 810 100 45 27 30 
870 670 1018 960 85 43 36 29 
675 1060 780 90 50 45 40 
830 760 1040 840 115 60 29 18 
730 660 1000 750. * 140. 90." e 28 
850 630 970 720. . 1B 280:2 528 37 
985 535 1120 630 25-5405 240 ^... 28 
10 780 550 860 660 105 55 40 36 
211 920 730 1120 820 «5 4113.. 79 33 . 31 
#12 920 780 980 880 80 43.5 KOR — "OF 
-13 750 640 950 730 0:300, aB 85. (4.20 
-14 710 600 950 750 80 (55 31 30 

15 760 545 800 640 80 45 35 34 
| 16 610 + 500 760 SOG 140. ^. 80 32 —. 29 
17 . 860 620 1130 750.5125 770-140... 40 
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Refractory Periods 





Sinus Rhythm Driving at Identical Cycle Lengths 


AERP AFRP AERP AFRP 
Qyelé - T mor eee 
Length B A B A 


310 260 330 280 600 300 250 380 330 
280 230 330 280 550 240 230 270 260 
350 290 400 300 470 210 150 320 220 
320 290 370 330 550 280 250 310 290 
350 270 360 300 550 280 260 310 270 
270 230 300 260 500 250 210 270 230 
350 290 400 320 500 240 210 250 240 
250 200 310 270 500 240 200 270 220 
280 230 330 260 500 240 225 280 270 
250 230 300 250 500 250 230 280 260 
250 230 340 330 550 220 180 230 200 
270 240 330 320 500 170 170. 190 180 
210 180 220 190 500 210 200 240 210 
280 200 310 250 460 220 210 250 240 
350 240 400 270 500 240 200 250 220 
210 210 260 260 ; cM M P f o E 
260 230 340 290 500 240 230 330 280 


| A = after administration of atropine; AERP = atrial effective refractory period; AFRP = atrial functional refractory period; B = before ad- 
hinistration of atropine; SACT - calculated sinoatrial conduction time; SRT - sinus nodal recovery time. 


_ The group consisted of 16 men and 1 woman aged 34 to 77 
years (mean + standard error of the mean 55 + 2.8 years). All 
had sinus rhythm and a normal P-R interval, and none re- 
eived cardiac medication within 48 hours of the electro- 
physiologic study. 
_ Protocol: Informed written consent was obtained from all 
subjects. His bundle electrograms were recorded using pre- 
viously described catheter techniques.!? A quadripolar cath- 
eter was positioned at the high right atrium near the vicinity 
D Ene sinus node for atrial pacing (two poles) and for recording 
igh right atrial electrograms (two poles). Recordings were 
ob Stained on a multichannel oscilloscopic photographic re- 
E 
TABLE Il 


Summary of Electrophysiologic Findings Before and 
After Administration of Atropine (all measurements in 
h 
Í sec) 


Patients 

E (no. State Mean + SEM P Value 
p cycle length 17 K a£ : d 0.001 
a Eau T ae «0.001 
D" ARCH LEN 
E interval 17 ai ads d <0.05 
At Mrial ERP (NSR) 17 A = : Ak <0.001 
Atrial FRP (NSR) 17 a in Ma <0.001 
| Piduring atria driving) H A UE i ra «0.001 1 
R OMM driving) T $ oe : Ve <0.001 


A = after administration of atropine; B = before administration of 
atropine; ERP = effective refractory period; FRP = functional re- 
fractory period; NSR = normal sinus rhythm; P = probability; 
SACT = sinoatrial conduction time; SEM = standard error of the 
mean; SRT = sinus recovery time. 


corder (DR-20 Electronics for Medicine) at paper speeds of 
100 and 200 mm/sec. Simultaneous electrocardiographic leads 
I, II, III and V, were also recorded. The P-A interval was 
measured from the onset of the P wave to the first rapid de- 
flection of the low right atrial electrogram recorded from the 
His bundle catheter, reflecting conduction time from the high 
to the low right atrium.!? If the onset of the P wave could not 
be well delineated, the onset of the high right atrial electro- 
gram was utilized. Measurements of the P-A interval were 
made at a paper speed of 200 mm/sec and reflect the average 
of 10 consecutive beats. 

Atrial pacing was performed at increasing rates. Sinus 
nodal recovery time was defined as the interval between the 
last paced P wave to the first spontaneous P wave after sudden 
cessation of pacing at a rate of 130/min.!? 'Three sinus recovery 
times were determined and then averaged for each patient. 
Atrial effective and functional refractory periods were mea- 
sured with the atrial extrastimulus (A5) technique during 
sinus rhythm as previously described.!! 

The following definitions were used in regard to atrial 
refractory periods: 

A, was the atrial electrogram of spontaneous sinus or driven 
beats (Sı), whereas A» was the atrial electrogram in response 
to the extrastimulus (S5). The atrial effective refractory period 
was the longest S-S% interval at which S» did not result in 
atrial capture. The atrial functional refractory period was the 
shortest attainable propagated A,—Ag interval. In 16 patients, 
an atrial driven cycle length (from 460 to 600 msec) was also 
utilized so that refractory periods could be measured at 
identical cycle lengths before and after administration of at- 
ropine. 

Sinus nodal responses to atrial extrastimuli (So) were 
categorized into four types by noting the occurrence of the first 
spontaneous sinus beat (A5) after Ao.8 These responses were 
defined as follows: 

1. Nonreset due to sinus interference: when Ag occurred 
at an À»-AÀ5 interval longer than the spontaneous sinus cycle 
(A;-A,) and when A-A; equaled 2 X A-A; (Zone 1 re- 
sponse). 

2. Sinus reset: when the A-A interval was either equal to 
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or more than A;—A, and when A,-A3 was less than twice A;—A; 
(Zone 2 response). 

3. Sinus interpolation: when the A-A interval was less 
than A,-A, and when A;-As was either equal to A;—A; 
(complete interpolation) or more than A,-A, (incomplete 
interpolation). 

4. Sinus echoes: when the A,-A3 interval was less than 
A,—A, and when the P wave configuration of As approximated 
that of the normal P wave with a high to low sequence of atrial 
activation. 

Data presentation and analysis were facilitated by plotting 
A,—Asz responses against A;—A» coupling intervals.* 

Each patient was categorized as to whether he had these 
zones of nonreset because of interference, reset, interpolation 
or echoes. In each patient, a zone could be defined by its 
longest and shortest A;—A2 coupling interval and in terms of 
its absolute duration. When all patients with a given zone were 
considered, the zone could be described in terms of both its 
mean longest and shortest A;—A5 coupling intervals and its 
mean absolute duration. 

Sinoatrial conduction time was calculated utilizing the 
atrial extrastimulus technique.9? For each patient, this value 
was obtained by measuring the difference between the A-A3 
and À,-A, intervals during reset and dividing by 2. A mean 
sinoatrial conduction time was calculated for each patient 
using all reset responses. 

Atropine was administered intravenously (a dose of 2 mg 
to patients less than 60 years of age, and of 1 mg to patients 
60 years and over) after control recordings were obtained. 
Measurements were initiated 10 minutes after administration 
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of atropine. Statistical analysis of data was performed using 
Student's t test for paired values. 


Results 


Intraatrial conduction (Tables I and JII): The 
mean P-A interval (+ standard error of the mean) was 
34 + 1.5 msec before and 31 + 1.5 msec after adminis: 
tration of atropine (P <0.05). Atrial effective anc 
functional refractory periods were measured in all pa- 
tients during sinus rhythm. The mean atrial effective 
refractory period was 285 + 11.3 msec before versus 238 
+ 7.9 msec after atropine (P <0.001). The mean atria 
functional refractory period was 331 + 11.6 msec before 
versus 280 + 8.6 msec after atropine (P <0. 001). The 
mean atrial effective refractory period at identic al 
driven cycle lengths in 16 patients was significantly 
reduced from 239 + 7.7 msec to 213 + 7.4 msec after 
administration of atropine (P <0.001). (Fig. 1). The 
mean functional refractory period of the atrium was alsa 
shortened from 277 + 11.4 to 245 + 9.5 msec with atro- 
pine (P <0.001). The P wave configuration did not 
change after administration of atropine. 4 

Effect on sinus node (Tables I and II): The mean 
cycle length during sinus rhythm was 846 + 26.4 msec 
before and 647 + 20.0 msec after administration of at- 
ropine (P «0.001). Sinus nodal recovery times signifi- 
cantly shortened after atropine. The mean sinus nodal 
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FIGURE 1. Case 1. Measurements of atrial refractory periods before and after administration of atropine. Shown are electrocardiographic leads V, 
|, Il and III, a bipolar intracardiac high right atrial electrogram (HRA) and a His bundle electrogram (HBE). Paper speed is 100 mm/sec and time lines 
are at 1 second intervals. The cycle length (CL) of the basic drive (S4) is 600 msec and the extrastimulus and atrial coupling intervals (S4-S2 and 
A1—Ao, respectively) are listed at the top of each panel. A, is the atrial electrogram induced by S4, and A» is the atrial electrogram of the extrastimulus 
S5. A and B are control recordings; C and D were obtained after administration of atropine. A, at a coupling interval of 310 msec, S» is conducted 
to the atrium. The A,—A; interval is 380 msec and is the shortest attainable A;—Ao interval, thereby defining the functional refractory period of the 
atrium before the administration of atropine. B, S; fails to capture the atrium at a coupling interval of 300 msec, thereby defining the effective refractory 
period of the atrium before administration of atropine. C, at a coupling interval of 260 msec, S? is conducted to the atrium. The A,—A? coupling 
interval is 330 msec and is the shortest attainable A;—A> interval, thereby defining the functional refractory period of the atrium after administration 
of atropine. D, S; fails to capture the atrium at a coupling interval of 250 msec, thereby defining the effective refractory period of the atrium after 


administration of atropine. 
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E time was 1,029 + 37 msec before and 774 + 36 
msec after atropine (P <0.001). 

_ Azone of nonreset due to interference was defined 
in all patients both before and after administration of 
atropine (Fig. 2). The mean zone of interference ranged 
fr om 840 msec (outer limit) to 609 msec (inner limit) 
Wi ith an absolute duration of 231 msec at a mean sinus 
:ycle length of 846 msec before administration of atro- 
pine. There was significant shortening of this zone after 
idministrátion of atropine to an outer limit of 640 msec 

hd an inner limit of 510 msec with an absolute duration 
of 130 msec at a mean cycle length of 647 msec (P <0.05) 
(Fig. 2). This zone accounted for the last 27 percent of 
the sinus cycle length before and 20 percent of the sinus 

cycle length after administration of atropine (P 

£0.05). 

— Azone of sinus reset was present in all patients both 

i before and after administration of atropine (Fig. 2). 
During the control state; the mean zone of reset in these 
patients ranged from 599 msec (outer limit) to 336 msec 
(inner limit), with an absolute duration of 263 msec. 
There was no significant effect of atropine on the sinus 
reset zone. The mean zone of reset after administration 
of atropine was between 500 (outer limit) and 282 msec 
Doner limit) with an absolute duration of 218 msec 
difference not significant). The zone of reset accounted 
for 31 percent of sinus cycle length before and 33 per- 
cent after atropine (difference not significant). 

- Zones of sinus interpolation were present in two 
patients during the control state. In both, atropine 
abolished interpolation responses. No patient mani- 
fested sinus interpolation after administration of at- 
ropine. 
| Sinus echoes were present in one patient before ad- 
ministration of atropine. Atropine abolished the echo 
responses in this patient. No patient manifested echoes 
after atropine. 
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FIGURE 2. Case 10. Graphic representation of sinus nodal responses 
and zones to extrastimuli during sinus rhythm. A4-A3 intervals are 
plotted on the ordinate as a function of the test cycles (A4,—A5) on the 
abscissa. A, before atropine. The sinus cycle is 780 msec. The zone 
of nonreset due to interference ranges from 780 to 570 msec, and the 
zone of reset from 560 to 300 msec. The S-A conduction time (SACT) 
is 105 msec. B, after atropine. The sinus cycle is 550 msec. The zone 
of nonreset ranges from 550 to 440 msec, and the zone of reset from 
430 and 250 msec. The S-A conduction time is 55 msec. 
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Sinoatrial (S-A) conduction time was calculated 
both before and after administration of atropine (Fig. 
2 and 3). The mean calculated S-A conduction time was 
103 + 5.7 msec before and 58 + 3.9 msec after atropine 
(P <0.001). 

Discussion 

Effects of vagal stimulation and atropine on 
atrial electrophysiology: Most previous experimental 
studies were designed to evaluate the effect of vagal 
stimulation or infusion of acetylcholine on atrial re- 
fractoriness and to study the interference with these 
effects by atropine.!- Andrus and Carter! demon- 
strated shortening of atrial refractory periods secondary 
to vagal stimulation in intact canine hearts and noted 
that this decrease could be blocked by atropine. Intra- 
venous administration of atropine without vagal stim- 
ulation (but with intact vagi) caused a 20 percent in- 
crease in the atrial effective refractory period. Studies 
in the isolated cat auricle by Dipalma and Mascatello? 
revealed that atropine could rapidly reverse the de- 
crease in atrial refractoriness induced by acetylcholine. 
The same studies showed that atropine without ace- 
tylcholine increased atrial refractoriness by an average 
of 27 percent, thus suggesting that atropine also had 
direct effects on the atrium. In another experimental 
study, Torchiana and Angelakos? demonstrated an- 
tagonism between acetylcholine and atropine and re- 
ported that the latter alone had no effect on atrial re- 
fractoriness in the intact dog heart. 

Information regarding the effect of atropine on atrial 
electrophysiologic properties in man is limited. Akhtar 
et al., using His bundle studies, reported variable ef- 
fects of atropine on atrial refractoriness in nine patients. 
The atrial effective refractory periods decreased 10 to 
20 msec with atropine in four patients and increased 10 
msec in three; no change occurred in two. In their study, 
neither data on the effective refractory periods of in- 
dividual patients nor statistical analyses were furnished, 
and the dose of atropine employed was relatively small 
(0.5 mg). Bissett et al.’ demonstrated no significant 
effect of atropine (0.5 to 1 mg) on atrial effective re- 
fractory periods in seven patients (one with sinus node 
disease). Neither Akhtar et al. nor Bissett et al. reported 
the effect of atropine on atrial functional refractory 
periods. In our study, atropine (1 to 2 mg) produced a 
significant decrease in atrial effective and functional 
refractory periods both during sinus rhythm and at 
equivalent driven cycle lengths in 17 patients without 
apparent sinus node disease. This finding is in contrast 
to the atropine-induced increase of atrial refractoriness 
in animals with intact vagi, thus suggesting a possible 
species-specific difference. The effects of atropine 
demonstrated in our study imply that vagotonia in man 
increases atrial refractoriness. 

The P-A interval, a measure of conduction from the 
high to the low right atrium, decreased slightly but 
significantly in 13 of 17 patients after administration 
of atropine. This observation, together with shortening 
of the atrial refractory periods, suggests that atropine 
facilitates human intraatrial conduction. 

Effects of atropine on sinus nodal physiology: The 
effects of atropine on sinus nodal automaticity have 
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been well studied in both animals and man.9/^1?-16 At. 
ropine is known to have a positive chronotropic effect 
on the sinus node, and it has been suggested that this 
effect is due to its vagolytic properties. Our data are in 
agreement with these observations. Sinus nodal auto- 
maticity was enhanced, as suggested by the shortening 
of the sinus cycle length by 23 percent after adminis- 
tration of atropine. In addition, atropine decreased sinus 
recovery time in all patients. This finding presumably 
reflects both enhancement of sinus automaticity and a 
decrease in S-A conduction time (see later). 

Information concerning the effect of atropine on S-A 
conduction time is limited. After preliminary studies 
in 15 patients with sinus bradycardia, Reiffel et al.? 
suggested that atropine decreases calculated sinoatrial 
conduction time. Our study confirmed their findings by 
demonstrating an average 43 percent decrease in cal- 
culated S-A conduction time after administration of 
atropine. Shortening of the cycle length with atropine 
cannot explain this change because the calculated S-A 
conduction time prolongs with a spontaneous decrease 
in cycle length.!? 

'The method for indirect calculation of S-A conduc- 
tion time has yet to be validated by direct recordings in 
man and it is based on the following assumptions: (1) 
that there is no change in sinus automaticity or a shift 
of the sinus pacemaker with extrastimuli, (2) that all 
extrastimuli during the zone of reset are able to pene- 
trate the sinus node and reset it, and (3) that antegrade 
and retrograde S-A conduction times are equal. Some 
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FIGURE 3. Case 3. Measurements of 
S-A conduction time before (A) and 
after (B) administration of atropine. The 
sinus cycle length (A4—4A), atrial cou- 
pling interval (A4-A5), return cycle 
length (A5—A3), combined coupling and 
return cycle length (A4—A3) and calcu- 
lated S-A conduction time (SACT) are 
listed in each panel. A, sinus rhythm at 
an A-A; interval of 910 msec. At a 
coupling interval of 540 msec, the 
A»-Aa interval is 1110 msec, which is 
more than the A-A; interval, whereas 
the A,-A3 interval of 1,650 msec is 
less than twice the A,—A, interval. The 
sinus node is reset by Ao. The S-A 
conduction time (half the difference 
between A;-A4 and A,-A;) is 100 
msec before administration of atropine. 
B, sinus rhythm after administration of 
atropine with an A,-—A , interval of 750 
msec. At a similar coupling interval of 
540 msec the A-A; interval is 840 
msec with reset of the sinus node. The 
calculated S-A conduction time is 45 
msec. 
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experimental studies in animal hearts!’ suggest tha 
these assumptions may not be totally valid. 

'The zone of sinus nonreset due to interference re 
resents a period late in atrial diastole in which impulse 
from elicited atrial extrastimuli collide with th 1 
outgoing sinus impulses and are thus unable to reset thi 
sinus node.!? This collision or interferente is presu 
ably in the perinodal tissue.!?.20 The magnitude of thi 
zone of nonreset varies directly with S-A conduction, 
Prolongation of S-A conduction time would indue 
lengthening of the zone of interference and vice versa 
Atropine caused shortening of this zone as well asi 
decrease in S-A conduction time. Both effects probably 
reflect facilitation of conduction in perinodal tissue 
Atropine appeared to have a similar effect-on atria 
tissue and perinodal fibers despite the different elec 
trophysiologic properties of these two tissues.?! | 

The presence of sinus interpolation (unidirectiom: à 
sinus entrance block) and sinus echo responses in pa | 
tients suggests increased refractoriness of perinoda 
fibers.®-19,20,22 Since atropine probably facilitates pe | 
nodal conduction, as suggested by shortening of S-/ 
conduction time and the zone of interference, it is no 
surprising that both interpolation and echo response: 
were eliminated by atropine in our study. | 

Atropine versus ouabain effects: Most of th 
electrophysiologic effects of atropine on the humar 
atrium and sinus node are opposite to those describec 
in a recent study with ouabain.?? In that study, ouabe iir 
prolonged S-A conduction time and atrial refractor} 
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periods. The opposite atropine actions suggest that the 
ouabain effects could be vagally mediated. In contrast, 
both atropine and ouabain shortened sinus nodal re- 
covery times. However, we would postulate different 
mechanisms for this similar action. Because resting 
sinus rates were unchanged with ouabain, the abbre- 
viation of sihus recovery time probably reflected in- 
creased refractoriness of perinodal fibers, allowing fewer 
driven atrial impulses to penetrate the sinus node and 
resulting in pseudoshortening of recovery time.?? At- 
ropine shortened the sinus cycle length (increased sinus 
rate) and S-A conduction time, suggesting that the 
shortening of sinus recovery time reflected both an in- 
crease in sinus automaticity and facilitation of perinodal 
conduction. 

Clinical implications: Our study provides strong 
ca ntrary evidence to the long-held view that vagotonia 
facilitates intraatrial conduction in man and that va- 
golysis has an opposite effect. Previous clinical obser- 
vations?^! concerning the effects of digitalis, atropine 
and carotid sinus massage on atrial fibrillation and 


flutter and paroxysmal ectopic atrial tachycardia have 
to be reevaluated in view of these new findings. For 
example, the sporadic reported cases of conversion of 
atrial fibrillation or flutter to sinus rhythm after carotid 
sinus massage and the commonly observed conversion 
of atrial fibrillation to sinus rhythm with digitalization 
could be explained by prolongation of atrial refracto- 
riness due to vagotonia.?7.32,33 

Another implication of our study in patients without 
apparent sinus node disease concerns the potential 
usefulness of atropine in patients with such disease. T'he 
facilitation of S-A conduction and improved sinus au- 
tomaticity found in our patients would be beneficial to 
patients with sinus node disease. The effects of atropine 
in és patients deserve further electrophysiologic 
study. 
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The effect of infusion of sodium nitroprusside on S-T segment elevatio. 
was evaluated in 12 patients with acute anterior myocardial infarctior 
Precordial 35 lead S-T segment maps were obtained in each patient im 
mediately before and 10 minutes after infusion of 53 ug/min (range 2! 
to 100 ug/min) of nitroprusside. The following measurements were mad 
from each S-T map: ÈST (total S-T elevation in all leads), NST (numbe 
of leads with S-T elevation greater than 1 mm) and ST (average S-T e 
evation in leads with more than 1 mm elevation). After ádministration d ) 
nitroprusside, evidénce of myocardial ischemic injury as assessed by S- 
mapping decreased in association with reduction of the myocardial oxyge 
consumption index of pressure-time per minute. Group mean values d 
minished significantly for ZST (41.7 to 28.6 mm, P <0.001), NST (20. 
to 14.6, P « 0.001) and ST (1.6 to 1.2 mm, P « 0.005). Pressure-time p 
minute decreased from 2,690 to 2,372 mm Hg-sec/min (P <0.001). Be 
cause there was no significant relation (P >0.05) between reduc i 
in S-T elevation and lower indexes of myocardial oxygen consumption 
it is suggested that nitroprusside may possess a separate action of aug 
menting regional blood flow to ischemic myocardium. Evaluation with thi 
precordial S-T mapping technique suggested that intravenous admini 5 
tration of nitroprusside was associated with evidence of reduced ven 
tricular ischemic injury in patients with acute myocardial infarction. Thi 
effect appears to be related to reduction of myocardial oxygen dema T 
by the peripheral cardiac unloading mechanisms of nitroprusside as we 
as to a possible direct action of the drug in improving regional blood flo 
to ischemic heart muscle. L 
Vasodilating agents that afford dramatic reductions in cardiac afterloat 
greatly enhance cardiac performance in patients with left ventricula 
dysfunction consequent to acute and chronic coronary heart disease. 
An important and unique feature of afterload reduction in the settin 
of cardiac failure is the major decline in indexes of myocardial oxygel 
consumption that occurs in association with improvement in cardio 
circulatory variables. Although limitation of the extent of myocardig 
infarction has been demonstrated with sublingual!? and intravenous!!! 
administration of nitroglycerin and trimethaphan,! there is no clinicé 
documentation that the extent of ischemic injury is reduced by nitro 
prusside, probably the most useful of the cardiac unloading agents i 
left ventricular failure.’ Furthermore, it is unresolved whether abilit 
of nitroprusside to reduce myocardial oxygen needs is offset by its po 
tentially deleterious effect of decreasing coronary perfusion pressure 
Accordingly, this investigation was carried out to quantify with pre 
cordial S-T segment mapping the effects of nitroprusside on the exten 
of ischemic injury in patients with acute anterior myocardial infare 
tion. | 


j 
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P. Methods and Material 


_ Patients: The study population consisted of 12 patients 
with acute transmural anterior myocardial infarction ad- 
mitted to the coronary care unit of the University of California 
at Davis-Sacramento Medical Center. There were nine men 
and three worpen with a mean age of 58 years (range 31 to 81 

\ years). All patients were evaluated within 2 hours from the 

time of admission to the coronary care unit and within 6 hours 

of the time of onset of chest pain (mean 4.2 hours). Each pa- 
tient had S-T segment elevation and abnormal (0.04 second 
or more) Q waves in at least three precordial leads of the 

Ep 12 lead electrocardiogram. The diagnosis of myo- 

ardial infatction was made with use of the following criteria: 
classic history, typical serum enzyme alterations and char- 
acteristic electrocardiographic evolutionary changes. Criteria 
for exclusion from thes investigation were systolic blood 
ib pressure of less than 100 mm Hg and uncertainty as to the 

t ime of occurrence of pain. No patient had evidence of peri- 

arditis, ventricular aneurysm or intraventricular conduction 
isturbance. Thé nature of the study was explained to each 
3 tient and informed consent was obtained. 

- Hemodynamic measurements: The patients underwent 
right heart catheterization at the bedside in the coronary care 
‘unit with use of a no. 7 balloon-tipped flow-directed Swan- 
€ Ganz catheter and a 20 gauge Longdwell polyethylene catheter 
'inserted into the right brachial or radial artery. Pressures were 
E easured utilizing a Statham P23Db strain gauge. Cardiac 
'output was measured in duplicate by the indicator-dilution 
t technique with injection of indocyanine green dye into the 
BE ou artery and sampling from the systemic arterial site 
'utilizing:a constant speed Harvard withdrawal pump and a 
Lyons cardiac output computer. All data were recorded on a 
‘Hewlett-Packard multichannel photographic recorder. The 
following hemodynamic measurements were made: heart rate 
(HR), phasic and mean (MAP) systemic arterial pressures, 
‘phasic and mean pulmonary arterial pressures, phasic and 
mean (PAW) pulmonary capillary wedge pressures and car- 
; diac output. The following data were calculated: cardiac index 
ROD; stroke index (SI); stroke work index (SWI) = SI X 

P-LVFP) X 0.0136 g-m/m? where LVFP = left ventricular 

f ing pressure; total systemic vascular resistance (TSVR) = 
80 x ([MAP-RA]/CO) dynes-sec-cm-^ where RA = mean 
‘right atrial pressure and CO = cardiac output; pressure-time 
per minute = MAP X ET x HR mm Hg-sec per minute where 
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ET - ejection time determined from phasic arterial pres- 
sure. 

S-T segment mapping: Immediately after control hemo- 
dynamic measurements were made, electrocardiographic re- 
cordings were obtained from a 35 lead ‘precordial blanket 
(Medical Innovations, Boston, Mass.). The blanket, com- 
prising five vertical and seven horizontal rows of electrodes, 
was positioned on the anterior chest with lead I in the second 
right intercostal space adjacent to the sternum. This position 
was maintained for all recordings. Electrocardiographic re- 
cordings were obtained utilizing the V lead of the standard 
electrocardiograph at a paper speed of 25 mm/sec. One mm 
of electrocardiographic excursion was standardized to corre- 
spond to 0.1 mv. The height of the S-T segment above the 
isoelectric line was measured for six consecutive beats in each 
lead and averaged. Measurement of the S-T segment was 
made 60 msec after the J junction of the QRS-T complex. 
When the J junction could not be well defined, S-T segment 
elevation was measured 120 msec after the initial Q or R de- 
flection. The following data were determined from the pre- 
cordial electrode blanket: sum of all S-T elevations (EST), 
number of leads with S-T elevation greater than 1 mm (NST) 
and average S-T elevation (ST) as determined by 
(EST/NST). 

Measurement of S-T segments was made by two observers 
without knowledge of whether the electrocardiographic re- 
cordings were obtained during the control or treatment peri- 
ods, and the results were then averaged. Only leads with 
technically adequate recordings were measured. If a lead was 
not clearly recorded during both the control and nitroprusside 
portions of the study, it was not included in the measure- 
ments. 

Nitroprusside infusion: After control data on hemody- 
namic variables and S- T segment maps were recorded, sodium 
nitroprusside was infused intravenously at an initial rate of 
16 ug/min. The rate of infusion (range 20 to 100 ug/min) was 
individually adjusted to reduce systemic systolic arterial 
pressure to 100 to 115 mm Hg in 8 of the 12 patients. In four 
patients left ventricular filling pressures were reduced with 
nitroprusside to the low levels of 6 and 7 mm Hg, thus pre- 
venting use of increased doses of nitroprusside to reduce 
systolic pressures to 115 mm Hg. After a stable optimal rate 
of nitroprusside infusion had been maintained for 10 to 15 
minutes, hemodynamic measurements and S-T segment re- 
cordings were repeated. No additional medications were ad- 


FIGURE 1. Effects of infusion of nitroprusside (NP) on sum 
of S-T elevation (ZST) (A), the number of precordial 
electrocardiographic leads with S-T elevation greater than 
1 mm (NST) (B), and the average S-T elevation (ST) de- 
termined by (ZST/NST) (C). C = control. 
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ministered during or after acquisition of control data on he- 
modynamic variables until completion of the study protocol. 
Student's t test for paired data was utilized for statistical 
analysis. 


Results 


The hemodynamic responses to nitroprusside are 
shown in Table I. There were significant reductions (P 
« 0.05) in systolic and diastolic blood pressures, mean 
arterial pressure, mean pulmonary capillary wedge 
pressure (PAW), cardiac index (CI), total systemic 
vascular resistance and pressure-time per minute. There 
were no significant changes (P >0.05) in heart rate or 
stroke work index (SWI). The ratios SWI/PAW and 
CI/PAW increased significantly during nitroprusside 
therapy to 1.68 + 0.32 (mean + standard error of the 
mean) to 2.95 + 0.68 (P «0.005) and 0.14 + 0.02 to 0.25 
+ 0.05 (P «0.01), respectively. 

Figure 1 indicates the results for the individual pa- 
tients and the entire group with respect to ZST, NST 
and ST before and during infusion of nitroprusside. As 
shown, there were significant reductions in the mean 
values for each of the S- T segment indexes. XST de- 
creased from 41.7 + 5.7 to 28.6 + 4.5 mm (—31 percent, 
P «0.005), NST from 20.3 + 2.7 to 14.6 + 2.3 (—28 
percent, P <0.001) and ST from 1.62 + 0.15 to 1.21 € 
0.10 mm (—25 percent, P «0.005). 

The extent of reduction in S-T elevation with nitro- 
prusside was greatest in the patients who had the 
greatest initial S-T elevation. Thus, patients with 2ST 
greater than 40 mm in the control state had a mean re- 
duction of 22.3 mm during infusion of nitroprusside, 
whereas patients with XST less than 40 mm had a mean 
reduction of only 7.4 mm (P «0.01) (Fig. 2). Similarly, 
in the group with a control ST of 1.5 mm or greater, the 
reduction was 0.68 mm during nitroprusside therapy, 
whereas patients with ST of less than 1.5 mm before 
therapy had a 0.29 mm decrease during therapy. 
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TABLE | 
Hemodynamic Responses to Nitroprusside 
Control 

Case 
no BP MAP HR PAW CI SWI PTM TSVR 
1 125/85 90 132 34 1.31 6.46 3445 2780 
2 124/70 90 205. 13 3.03 45.2 1890 1270 
3 135/74 93 57 18 207 34.0 1802 2000 
4 215/78 114 Te 74 2.14 39.8 2590 2252 
5 127/60 82 83 11 1.88 21.5 2314 1812 
6 165/70 92 86 9 1.90 24.9 2453 1936 
7 115/90 100 140 27 1.79 149 4060 2133 
8 142/80 104 110 16 4.35 47.3 3318 1051 
9 125/70 88 95 18 2.12 21.2 2508 1617 
10 148/73 100 98 22 2.00 22.5 2548 2388 
11 125/65 85 100 19 1.69 15.2 2635 2537 
12 120/75 90 95 21 1.31 12.8 2738 2769 
Mean 139/74 94 95 18.5 2.14 25.5 2690 2045 
+ SEM +8/2.4 +2.6 +7 I2 +0.24 +3.8 +186 +158 

* = P <0.05 
t -P <0.01 


TFE 








pressure-time per minute from 2,690 + 186 to 2,372 
171 mm Hg-sec min (P «0.001). There was no statisti- 
cally significant (P >0.05) relation between reduction 
in the S- T segment indexes and reductions in mean 
systemic arterial pressure, pulmonary capillary wedge 
pressure or pressure-time per minute. * 2 


Discussion 


acute myocardial infarction and its incidence is directh 
related to the extent of myocardial necrosis,'®!9 the 


A B 
LST>40mm XSTI«40mm 
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FIGURE 2. Effect of infusion of nitroprusside on the extent of reductic 1 
in S-T elevation in patients with EST of 40 or more mm (A) and less. 
than 40 mm (B). i 


% 
Nitroprusside ; 
4 
BP MAP HR PAW CI SWI PTM TSVR | 
100/65 76 130 23 1.54 8.50 2964 2000 4 
108/64 78 72 8 2.75 39.0 1685 1211 © 
120/60 80 63 7 2.16 33.5 1663 1649 © 
145/70 81 793. 8 2.20 27.7 2112 © 1608.9 
110/50 68 82 7 2.16 243 1729 128693 
152/65 . 87 | 85 7 2.004 26.1 2366 1706 ` 
100/78 85 138 18 2.18 146 3519 1736 73 
134/77 99 107 6 4.833 51.1 3178 741 
101/61 73 96 10 197 18.2 2172 1483 — 
107/58 76 102 14 2.32 192 2171 1625 
108/60 76 101 13 1.88 159 2380 2040 ^. 
103/70 80 96 13 1.36 13.0 2534 2370 


115/65t 807 96 11.1f 224* 24.3 23721 16211 
#5:2/2.3 +23 £64 .Xt145.. £0.22 +3.5 +171 +122 


BP = blood pressure (mm Hg); CI = cardiac: index (liters/min per m?); HR = heart rate (beats/min); MAP = mean systemic arterial pressure 
(mm Hg); PAW = pulmonary arterial mean wedge pressure (mm Hg); PTM = pressure-time per minute (mm Hg-sec/min); SEM = standard errot 
of the mean; SWI = stroke work index (g-m/m?); TSVR = total systemic vascular resistance (dynes sec cm-?). l 
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ibility to limit infarct size is an important clinical ob- 
ective. Utilizing experimental models of acute coronary 
lusion, Maroko et al.?9?! have pioneered in the study 
of pharmacologic interventions that influence the extent 
f ischemic injury as estimated by direct epicardial 
ectricaf mapping techniques. More recently, attempts 
have been made to use precordial electrocardiographic 
mapping!0-13,22,23 in acute clinical coronary disease to 
extend the evaluation of specific measures to reduce the 
size of myocardial necrosis and ischemia. 
. Our investigation assessed in patients with acute 
anterior wall myocardial infarction the effects of infu- 
sion of sodium nitroprusside on cardiac hemodynamics 
a Ed on the extent of ischemic injury as determined by 
precordial S-T segment mapping. This use of the potent 
unloading agent was prompted by previous investiga- 
tions? i in which nitroprusside substantially improved 
hemodynamic variables and concomitantly reduced 
principal determinants of myocardial oxygen require- 
ments in patients with acute and chronic coronary heart 
disease with congestive heart failure.?" Moreover, ni- 
roprusside has been shown to reduce the extent of 
pacing- -induced myocardial ischemia quantified by 
electrocardiographic and metabolic assessments in 
patients with coronary artery disease.?^ Additionally, 
experimental studies have indicated that nitroprusside 
improves the mechanical performance of the ischemic 
myocardium while increasing regional perfusion and 
diminishing lactate production after coronary arterial 
occlusion.?° 
-. Mechanisms of beneficial effects of nitroprusside 
in acute ischemic injury: Previous work in experi- 
mental animals with coronary occlusion in which direct 
epicardial electrodes were used to assess the extent of 
ischemic injury have supported the importance of 
maintaining mean arterial pressure, and hence coronary 
perfusion, to limit the ischemic area.!? Whereas sys- 
temically administered nitroprusside decreases myo- 
cardial perfusion pressure, the reduction in total coro- 
nary blood flow observed with the agent may reflect a 
decrease i in myocardial oxygen needs that predominates 
over the reduction of blood pressure.24 Further, an in- 
crease in the reduced myocardial flow in ischemic areas 
has been reported in patients at the time of coronary 
bypass surgery.?9 Our clinical investigation, as well as 
‘other studies!!-!7 in patients examining the actions of 
intravenously administered nitroglycerin, phentolamine 
‘and trimethaphan in acute myocardial infarction, has 
demonstrated that cardiac unloading accompanied by 
substantial reduction in systemic blood pressure re- 
duced ischemic injury associated with acute anterior 
myocardial infarction. These studies have thereby 
suggested that overall reduction of myocardial oxygen 


consumption generally overrides the potentially dele- 
terious effect of decreases in total coronary blood 
flow. 

A potentially beneficial effect of cardiac unloading 
agents in improving reduced myocardial perfusion in 
coronary disease would appear to be the result of the 
considerable reduction in intraventricular diastolic 
pressure produced by nitroprusside. Consequently, the 
reduced intramyocardial pressure provides a transmural 
pressure gradient facilitating subendocardial blood flow 
despite reduced aortic pressure. On the other hand, a 
potentially adverse action of peripheral vasodilator 
agents in patients with coronary artery disease is the 
possible initiation of a coronary steal phenomenon 
through augmented flow to normal myocardium by way 
of nondiseased coronary arteries. In this regard, a recent 
experimental study?? has shown that nitroprusside in- 
creased regional perfusion and decreased lactate pro- 
duction in ischemic myocardial regions after coronary 
occlusion, thereby suggesting enhanced collateral flow 
to the acutely ischemic zone rather than potentiation 
of the coronary steal mechanism. 

Clinical implications: Our clinical findings are in 
agreement with the aforementioned experimental evi- 
dence that nitroprusside may exert a beneficial action 
in enhancing blood flow to ischemic heart muscle. Our 
observation that improvement in S- T segment mapping 
variables of ventricular ischemia was not closely cor- 
related with the magnitude of reduction in indexes of 
myocardial oxygen consumption is consistent with this 
postulation. Our clinical data are consonant with the 
experimental work of da Luz et al.?? in providing indi- 
rect evidence that nitroprusside may possess a separate 
action of augmenting regional blood flow to ischemic 
myocardium in patients with coronary artery disease, 
and thus it may improve myocardial energetics in this 
manner as well as by reducing myocardial oxygen needs 
by peripheral cardiac unloading mechanisms. An al- 
ternate consideration for the lack of correlation between 
changes in S- T segment elevation and indexes of myo- 
cardial oxygen consumption that requires further 
clarification is that S- T segment elevation as deter- 
mined by precordial mapping may not be linearly re- 
lated to the extent of ischemic injury. Moreover, a close 
relation between diminution of S- T segment elevation 
with infusion of nitroprusside and improved clinical 
course remains to be established. 
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The accuracy of a data reduction system for arrhythmia detection in 
identifying premature ventricular complexes was evaluated in continuous 
tape records of 30 patients in a coronary care unit. Computer analysis was 
performed with a Honeywell 316 digital computer. Threshold values for 
dominant complexes were automatically determined and recognition of 
premature ventricular complexes was based on differences in QRS 
configuration, timing and T wave configuration from the dominant com- 
plexes. Verification of the computer accuracy in detecting premature 
ventricular complexes was made with visual beat by beat inspection using 
a two channel strip chart recorder with simultaneous recording of the 
electrocardiogram and computer signal. This procedure allowed for exact 
beat to beat correlation and, thus, absolute determination of false positive 
and false negative identifications. 

From 0.5 to 6 continuous hours of monitoring per patient (average 3.5 
hours) were analyzed for a total of 105 monitoring hours. The basic cardiac 
rhythms noted were normal sinus rhythm, sinus arrhythmia, sinus 
tachycardia, demand pacemaker rhythm, atrial fibrillation and atrioven- 
tricular (A-V) dissociation with junctional rhythm. Premature ventricular 
complexes were evident in 28 tapes (93 percent) including 12 (43 per- 
cent) with multifocal premature ventricular complexes and 3 (11 percent) 
with ventricular tachycardia. The visual count of premature ventricular 
complexes totaled 7,921. Of these, 7,542 (95 percent) were properly 
classified by the computer. The total computer count was 8,717, repre- 
senting a 13 percent false positive and 5 percent false negative identifi- 
cation rate. The false positive identifications of premature ventricular 
complexes occurred during periods of 10 seconds or more of continuous 
noise artifact and in the presence of atrial premature complexes con- 
ducted aberrantly. When these sections of tape were excluded, the 
computer had a less than 2 percent false negative and 3 percent false 
positive rate of identification of premature ventricular complexes. 


It is well documented that conventional coronary care unit monitoring 
techniques are unreliable in detecting arrhythmias of various types in 
patients with acute myocardial infarction.!-4 As a consequence, false 
impressions are being generated of premonitory arrhythmias, the natural 
history of specific arrhythmias and results of drug therapy.? In response 
to an obvious need, there have been accelerated efforts to develop and 
validate computer systems for off-line analysis of continuous tape re- 
cordings as well as real time monitoring.9-9 Accuracy of QRS detection 
in such systems has been demonstrated to be quite satisfactory under 
a variety of conditions.^9? Display of R-R intervals in histogram con- 
figuration and other plotting methods*79-1? have permitted recognition 
and quantitation of arrhythmia occurring at rest or during activity. Al- 
though these systems are not truly diagnostic, they provide for quanti- 
tative data reduction and therefore permit diagnosis of arrhythmias 
through verification with the actual electrocardiogram.4 
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COMPUTER 


The premature ventricular complex has been, difficult 
to recognize consistently and with predictable accuracy 
using computer techniques.9.1415 The problems with 
various methods have been outlined in a recent con- 
ference report.!? In this paper we describe in detail our 
experience with a modified computer system in de- 
tecting premature ventricular complexes. The tapes 
studied were randomly selected from a collection of 
routine coronary care unit monitoring tapes so that no 
special precautions were taken in collecting the data. 


Material and Methods 


Computer analysis is implemented on a Honeywell 316 
digital computer. The storage contains 12,000 words, each with 
16 bits. The computer system has a digital acquisition sub- 
system, direct multiplex control channels, an analog input 
system and high speed arithmetic unit options. The electro- 
cardiogram is sampled at a rate of 60 samples/sec. 

R wave detection and analysis: Threshold is determined 
automatically and QRS configuration is assessed on the basis 
of maximal negative secant in excess of the threshold value. 
Details of this technique have previously been described.* The 
QRS configuration is determined by the difference between 
the amplitude of the maximal negative slope (YNLOC) and 
the amplitude at the isoelectric point. This value is called 
YDEL. The isoelectric point is considered to be at sample 
points 10 to 18 preceding the maximal negative slope point. 
The average amplitude of the electrocardiographic signal at 
the isoelectric point for complexes of normal duration was 
determined for 100 consecutive complexes and called YISO. 
The amplitudes are averaged to avoid sensitivity to short 
periods of muscle noise artifact. 

T wave configuration is determined in the following 
manner: The T wave point is calculated by moving forward 
10 sample points from the point of maximal negative slope and 
includes 2 sample points preceding and following the 10th 
point, that is, 5 sample points. The average T wave amplitude 
for complexes of normal duration is determined from the five 
sample points for 100 consecutive complexes of normal du- 
ration. The difference between the average amplitude of the 
T wave and the average amplitude of the isoelectric point 
represents YT. The location YT was chosen early in the de- 
velopment of the T wave to avoid misclassification as a result 
of T wave distortion that may occur with premature atrial 
complexes. The locations of YISO, YDEL and YT are illus- 
trated in Figure 1. 

Assessment of QRS timing and prematurity is accom- 
plished by first determining a dominant rhythm class. The 
most frequently occurring R-R interval (the mode) is found 
and, after searching in both directions, a minimal R-R interval 
frequency that is at least 5 percent below this mode value is 
defined. The range is called YRR. The classification “pre- 
mature” or “prolonged” (compensatory time) is based on 
whether an R-R interval is shorter or longer than the domi- 
nant range for the R-R interval. 

Since each patient tape is analyzed individually and the 
determination of “normal” is based on those complexes oc- 
curring most frequently, the mean value and standard de- 
viation need to be determined for each variable, YISO, YDEL 
and YT. These determinations result in an overflow for a 16 
bit integer. In addition, the use of floating point arithmetic 
requires computer time and core. Therefore, linear order 
statistical approximation to the standard deviation is used. 
YDEL is called abnormal when it is outside the limits of the 
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YDEL = YNLOC' minus YISO 
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FIGURE 1. Location of YDEL, YISO and YT values taken frofn comp tel 
plot of sample points for one QRS complex. YNLOC is the maxi f 
negative secant amplitude; YNLOC' is the weighted maximal nega 
secant amplitude. See text for derivation of YISO and YT. a 


» 


E 

= oe 
BEES 
LIA i 
AE 


I: 


i 
iis 
LI IJIJM 
u 
Lj 


mum al 
LET a S t ii 
LI LT 


if 
| T 

CURT oe 
FIGURE 2. Electrocardiographic strip (above) with computer pulse 
output (below). The height of the pulse is automatically doubled wher 
a premature ventricular complex is identified (1, 2 and 3). The lag be 
tween the QRS complex and the pulse represents delay in the buffe 
system. The replay speed was four times real time; paper speed was 
50 mm/sec. 
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mean value + 4 c. YT is called abnormal when it is outside the 
limits of the mean value + 5 ø. j 

Classification of QRS complexes: A decision table baset 
on QRS configuration (YDEL), T wave configuration (YR 
and timing (YRR) is used to classify four types of QRS com 
plexes; (1) normal, (2) premature ventricular, (3) interpolatec 
or late ventricular, and (4) atrial premature. A normal comple} 
is that wave form with YDEL, YT and YRR within the rangi 
of the dominant rhythm. A premature ventricular comple 
is that wave form with YDEL and YT statistically differen 
from the dominant QRS and with YRR premature. Interpo 
lated or late premature ventricular complexes are those wav 
forms with abnormal YDEL and YT, but with YRR within th 
range of the dominant rhythm. Atrial premature complexe 
have normal YDEL and YT but are outside the range of YRR 
All values for *normal" are automatically redetermined afte 
every 100 complexes. M 

Monitoring tapes: All patients in a coronary care unit hat 
magnetic tape recording (Hewlett-Packard model 3960) of ; 
single lead electrocardiogram (lead II or V) for the entir 
period of their stay in the unit. Tapes analyzed in this stud; 
were selected at random from 30 such patients. The speed 0 
the tape replay was four times real speed in order to permi 
simultaneous electrocardiographic write-out. When not val 
idating, the replay speed is 16 times real speed. A 
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P 2 1 tification: Verification of computer accuracy in detecting 
|. 68 1 complexes of ventricular origin was done by visual beat by beat 
E564 1 inspection using a two channel strip chart recorder with si- 
a s : multaneous recording of the electrocardiogram and computer 
Ees: 1 signal. The computer signal is a pulse, printed each time a 
| 48 1 QRS complex is recognized. The amplitude of the pulse is 
i xx " i automatically doubled if the computer classifies the QRS as 
E 36 1 either a premature ventricular or interpolated ventricular 
E32 1 complex (Fig. 2). 

: d : All data are put on digital tape for later print-out on a 
E sg 1 minute to minute basis in the form of a histogram. The R-R 
~ 16 11 intervals, in milliseconds times 10, are plotted against fre- 
E 1 : y AN Hs quency. In addition, the absolute numbers of R-R intervals 
D. 4 i ; for "premature" and "prolonged" (compensatory) beats are 
E. toes rune given. This procedure ensures that when the system is used 
= 6° 


E clinically no data are lost if the frequency of premature beats 
00 es cdd cd dol a is less than 3 percent of the data and thus not shown as a class 





E^ TOTAL BEATS? 82 in the histogram (Fig. 3). 

M TOTAL RANGE: 38-94 Summary of system: The classification algorithm used in 
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RE 3. Histogram for 1 minute of data with count and R-R interval 
leasurements:presented below. The histogram configuration, with 
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ythm. The event is identified in the numerical data as one premature ieme- 
entricular complex with a coupling interval of 620 msec and a com- M Lt li TEE 
ensatory time of 880 msec. The premature ventricular complex rep- FIGURE 4. Rhythm strip (lead Il) showing premature ventricular com- 
sented 1 percent of the data and thus was not shown in the histo- plexes, at least one atrial premature complex and an episode of baseline 
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GURE 5. Percent of R-R intervals plotted against time for 200 consecutive complexes recorded from the patient whose rhythm strip is shown in 
gure 4. Three distinct clusters are seen. One cluster surrounds and another precedes the mode (premature). A third cluster occurs late, representing 
ympensatory pauses. 
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wave configuration (YT) and timing (YRR). An electrocar- 
diographic rhythm strip from a patient is shown in Figure 4. 
Examination of the R-R interval histogram (Fig. 5) of that 
strip reveals the presence of arrhythmia with both premature 
and compensatory periods. Figure 6 is a histogram for YISO. 
Examination of Figure 7 shows that there are distinct clusters 
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of values for the amplitude difference YDEL. The relation ol 
these clusters to the arrhythmia is evident in Figure 8, whick 
shows the values for YDEL in relation to the duration of the 
R-R interval. One cluster is premature and has an abnorm. a 
YDEL value (labeled PVCs) and was verified to be prematu 
ventricular complexes. Complexes having a normal value for 
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FIGURE 6. Histogram for YISO (see text and Fig. 1 for derivation) reveals the baseline interference seen in Figure 4 with YISO ranging from a negativt 


143 to a positive 357. Most complexes occur between — 143 and +57. 
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GURE 8. When YDEL (see text and Fig. 1 for derivation) is plotted against R-R intervals, those complexes with a YDEL value greater than 1,841 are 
mature ventricular complexes (PVCs) with the exception of one complex. The early complexes with a YDEL value of less than 1 ,841 are atrial 


ature complexes (marked APC). 
B. 


DEL (less than 1,841) are seen in the premature as well as 
ominant R-R range. This group of complexes which are 
remature but have a normal YDEL (QRS configuration) are 
remature atrial complexes. The distribution of YT (T wave 
pnfiguration) is shown in Figure 9. Again, there are two 
lusters of data. Relating YT to the R-R interval (Fig. 10) 
»veals, as in the case of YDEL, that the premature complexes 
l into two groups, those with a high negative YT value and 
hose with a normal YT value. The premature ventricular 
pmplexes are identified as those outside the normal limits 
br YT. In the presence of interpolated ventricular complexes 
t marked sinus arrhythmia, the duration of the R-R interval 
the premature ventricular complex may overlap the dom- 
lan t rhythm classification. However, in these instances, the 
remature ventricular complexes are properly identified be- 
iuse the values for YDEL and YT are both abnormal. 
5... 
n Results 

e 30 tapes analyzed contained a total of 105 mon- 
oring hours representing 0.5 to 6 continuous moni- 
bring hours per patient (mean 3.5 hours per patient). All 
E, $ . 
) tapes had at least one episode of noise artifact, and 
tapes (27 percent) were considered “noisy” (Fig. 
1). 
‘Basic rhythms: The basic cardiac rhythms were 
ormal sinus (18 tapes; 60 percent); sinus arrhythmia 
í tapes; 17 percent); sinus tachycardia (4 tapes; 13 
Beeno: atrial fibrillation (1 tape; 3 percent); atrio- 
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FIGURE 9. YT (see text and Fig. 1 for derivation) as plotted against 
frequency again shows two distinct groups of complexes with YT 


ranging from —961 to 4- 139. 
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ventricular (A-V) dissociation with intermittent first 
degree and second degree heart block (1 tape; 3 percent); 
and demand pacemaker rhythm (1 tape; 3 percent). 
Arrhythmias: Premature ventricular complexes or 
late ventricular complexes, or both, were evident in 28 
tapes (93 percent) and were multifocal in 12 of the 28 
(43 percent). Atrial premature complexes were evident 
in 10 tapes (33 percent). Other arrhythmias included 
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junctional premature complexes (3 tapes; 10 perce t) 
ventricular tachycardia (3 tapes; 10 percent); nonpar 
oxysmal junctional tachycardia (3 tapes; 10 percent) 
fusion beats (2 tapes; 7 percent); paroxysmal atria 
tachycardia (1 tape; 3 percent); atrial premature co m 
plexes with aberrancy (1 tape; 3 percent). 3 
Recognition of premature ventricular com 
plexes: The total visual count of premature ventric 
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4 
'omplexes was 7,921. The 28 patients with such com- 
jlexes had an hourly count ranging from less than 1 to 
322 (mean count 78/hour). 

_ Of the 7,921 premature ventricular complexes, the 
'omputer properly identified 7,542 (95 percent). The 
otal computer count of premature ventricular com- 
)lexes was 8,717, representing a false negative identi- 
ication of 379 complexes (5 percent) and a false positive 
lassification of 1,175 (13 percent). The false positive 
Jassification occurred with the presence of continuous 
noise artifact of more than 10 seconds’ duration and of 
he type seen in Figure 11B, and with atrial premature 
omplexes with aberrancy. When only the sections of 
ape containing no more than 10 seconds of this type of 
Ontinuous noise artifact are considered, the total 
umber of premature ventricular complexes is 7,813. 
l'he computer correctly classified 7,682 (98 percent) of 
hese and had a false negative and false positive iden- 
ification rate of less than 2 and 3 percent, respective- 


- The accuracy of the computer did not depend on the 
requency of premature ventricular complexes in an 
ndividual patient. 'The computer properly classified a 
ingle premature ventricular complex occurring during 
hours of monitoring in one patient and identified 1,281 
f 1,284 complexes recorded during 6 hours of moni- 
oring in another. 


k, Discussion 


_Adyantages of method: Although the system de- 
cribed here.has not substantially improved the pre- 
‘iously reported statistical accuracy for recognition of 
remature ventricular complexes,®’ it has certain ad- 
antages: (1) The situations in which inaccuracy of 
ount are likely to be encountered are documented and 
bredictable. (2) No intervention or preestablishment 
Mf criteria is required for identification of premature 
'entricular complexes. (3) Because the system updates 
tself every 100 complexes, changes in normal configu- 
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IGURE 12. Rhythm strip from 

pper tracing of A, a complex is noted that may not be readily appre- 
ated as a premature ventricular complex although it may definitely 
identified in the frontal lead (lower panel). However, in B the changes 

! the QRS complex marked X are measurable and enable correct 

omputer identification (the pulse marked X in the lower strip). 
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ration with patient movement, intermittent bundle 
branch block, sinus arrhythmia and the wide variation 
in QRS configuration and timing concomitant with 
atrial fibrillation are less likely to result in false positive 
identification of premature ventricular complexes. (4) 
The plotting of actual QRS occurrence is readily avail- 
able in histogram configuration, thus allowing for ver- 
ification of computer accuracy. (5) Because the logic of 
the system is relatively uncomplex and the data points 
are relatively few, an audit technique can be used to 
check and refine the system. The parameters for con- 
tour analysis may be used as output to digital tape on 
a beat to beat basis. These numbers may then be re- 
constructed and examined in detail for each complex 
and for each computer classification. For example, if 
situations are found in which the system is obviously in 
error, each complex can be analyzed by the audit 
method. One does not have to wonder randomly about 
the reason for error or possible solutions. 

The relative insensitivity of the system to occasional 
noise artifact resulting from patient movement or poor 
electrode contact results, perhaps, from the low sam- 
pling rate. Most artifact is of short duration and high 
frequency. Thus, sampling at 60 hertz will either miss 
the artifact or have a filtering effect on it, whereas a high 
sampling rate (200 to 1,000 hertz), will relay the artifact 
data to the analysis program, requiring the analysis al- 
gorithm to differentiate artifact from QRS complexes. 
Prolonged noise artifact does affect the system because 
it interferes with the determination of threshold value 
for the major class of complexes. If the computer cannot 
determine an average threshold, it cannot classify 
complexes. However, because updating occurs every 100 
complexes, interference by noise artifact is corrected for 
and not perpetuated. 

There is concern that increased accuracy in detecting 
premature ventricular complexes may require a two 
channel lead system, particularly in the analysis of ex- 
ercise-induced arrhythmias.!7 This requirement would 
greatly increase the cost and complexity of computer 
monitoring systems, both on- and off-line. Although we 
cannot give definitive data at this time, preliminary 
evidence suggests that the system described herein may 
obviate the need for the two lead system. With our 
method, a degree of difference in QRS configuration 
that may not be appreciated by visual inspection of one 
lead (Fig. 12A, horizontal lead) is measurable and 
therefore readily identified by the computer (Fig. 12B). 
Further work is needed to document that within all 
premature ventricular complexes there is sufficient 
change in configuration in a single lead to permit rec- 
ognition. If this were true, a second lead, while permit- 
ting visual identification of premature ventricular 
complexes, would not be necessary for computer clas- 
sification. 

Clinical application: Although the validation 
method utilized to determine the accuracy of detection 
of premature ventricular complexes has many short- 
comings—for example, relatively few tapes were 
scanned (certainly not encompassing all possibilities of 
interference) and the validation was performed by 
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persons interested in the system—we have enough 
confidence in the system to apply it clinically. In addi- 
tion to recognition of premature ventricular complexes 
and output in actual count per minute, episodes of 
ventricular tachycardia, heart block, atrial fibrillation, 

atrial tachycardia and junctional rhythm can easily be 
detected from the histogram configuration^? and con- 
firmed with the actual electrocardiogram. The histo- 
gram also permits identification of episodes of bigeminy 
and trigeminy because of the characteristic clustering 
of R-R intervals as a percent of the total complexes." 


The presence of multifocal premature ventriculi 
complexes can be inferred from the coupling times c 
the ventricular complexes, multifocal complexes bein 
less fixed in coupling periodicity. Also, if the configu 
ration is sufficiently different, classes of ventricula 
complexes can be established. Refinements of the sys 
tem, presently undergoing validation, provide for sep 
arate counts of coupled, interpolated and multifo 
premature ventricular complexes. These measures wi 
increase the clinical utility and reduce the post- -com 
puter processing time of the system. 
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Pacemaker recovery time corrected for cycle length was measured in 24 
patients 6 months to 3 years after the Mustard operation for transposition 
of the great arteries. This index of sinoatrial (S-A) nodal function was 
obtained by subtracting the control R-R interval from the first R-R interval 
recorded after 3 minutes of rapid atrial pacing at the superior vena 
caval-right atrial junction. Recovery times were compared with those of 
a control group of 54 children with various forms of congenital heart dis- 
ease who had not had cardiac surgery and whose electrocardiogram 
revealed normal sinus rhythm. 

The longest corrected pacemaker recovery time in the control group 
was 250 msec. Recovery time was normal (mean 115 msec) in 13 of the 
24 patients who had undergone the Mustard procedure and prolonged 
(mean 472 msec) in the other 11. In 4 of these 11a junctional escape 
complex was recorded before recovery of the S-A node. 

The configuration of the P wave and the development of dysrhythmias 
in the postoperative follow-up period were compared in patients with a 
normal and a prolonged corrected pacemaker recovery time. The inci- 
dence of dysrhythmias was much smaller in the former group. Normal 
sinus rhythm after the first postoperative week was noted in 10 (76 per- 
cent) of patients with a normal corrected pacemaker recovery time but 
in only 2 (18 percent) of those with an abnormal recovery time. One pa- 
tient with an abnormal recovery time died suddenly 26 months after op- 
eration in spite of good hemodynamic repair. 

A prolonged pacemaker recovery time after the Mustard operation for 
transposition of the great arteries indicated that rhythm abnormalities were 
likely to develop, but a normal recovery time did not exclude abnormal 
sinus nodal function. 


Disturbance of rhythm is a frequent and potentially lethal complication 
after the Mustard operation for transposition of the great arteries.1-4 
Late death as a result of dysrhythmia has been reported in several pa- 
tients who had good hemodynamic repair.?-9 Our clinical and pathologic 
studies^" have shown that the main cause of dysrhythmias after the 
Mustard operation is injury to the sinoatrial (S-A) node and its arterial 
supply. Preliminary electrophysiologic studies in our laboratory? re- 
vealed no abnormalities in conduction in the atria, atrioventricular (A-V) 
node or His-Purkinje system; the main abnormality was in S-A nodal 
function. The pacemaker recovery time corrected for cycle length was 
significantly prolonged in four of nine patients studied. Our electro- 
physiologic methods for evaluating the specialized tissues after the 
Mustard operation were expanded after the original study and used in 
15 additional patients. These additional studies confirmed that the in- 
ternodal, A-V nodal and His-Purkinje pathways of conduction were 
intact and that the main defect was in S-A nodal function. 
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In this study we correlated cardiac rhythm and P 

: wave configuration with corrected pacemaker recovery 

` time in 24 patients who had undergone the Mustard 

procedure. It was our aim to evaluate the validity of the 

, corrected pacemaker recovery time in predicting which 

^ patients will be most likely to have progressive dys- 
rhythmias after the Mustard operation. 


Material and Methods 


The response to rapid atrial pacing was compared in 24 
patients with transposition of the great arteries who had un- 
dergone the Mustard operation and 54 control subjects con- 
sidered to have normal sinus nodal function. The control 
subjects had congenital heart disease but had not undergone 
surgery. Their mean age was the same as that of the postop- 
erative patients. Twenty-six were taking daily maintenance 
doses of digoxin, which were discontinued 24 hours before the 
study. 

The postoperative patients were studied 6 months to 3 years 
after the Mustard procedure for transposition of the great 
arteries. Their ages ranged from 18 months to 22 years. Each 
was receiving maintenance doses: of digoxin before the 
study. 

All patients and control subjects were sedated with mep- 
eridine (0.5 mg/kg), chlorpromazine (0.25 mg/kg) and pro- 
methazine (0.25 mg/kg) 30 minutes before the study. In each 
subject one or more electrode catheters were inserted percu- 
taneously into a femoral or brachial vein and manipulated 
under fluoroscopy to the superior vena caval-new right atrial 
junction. Atrial pacing was begun at twice threshold and the 
rate gradually increased to twice the resting sinus rate. Pacing 
was continued at this rate for 2 minutes and then suddenly 
stopped. Each patient underwent a total of two 3 minute pe- 
riods of pacing at twice the sinus rate, and the mean value was 
reported. Before, during and after pacing three surface elec- 
trocardiographic leads were recorded at a paper speed of 100 
or 200 mm/sec. In 10 postoperative patients His bundle elec- 
trograms and high and low atrial electrograms were recorded 
simultaneously. In the six most recent cases 10 different 
pacing rates were evaluated in addition to the rate twice the 
resting sinus rate. 

The corrected pacemaker recovery time was calculated by 
subtracting the resting R-R interval from the immediate 
postpacing R-R interval. The R-R interval was used instead 
of the P-P interval because junctional pacemakers were 
sometimes the first to recover. 

The corrected pacemaker recovery times of the control 
subjects were compared with those of the postoperative pa- 
tients using Student's t test. The number of dysrhythmias per 





FIGURE 1. Normal corrected pacemaker recovery time in a control 
subject. The recovery time of 135 msec equals the R-R interval after 
atrial pacing (B) minus the resting R-R interval (A). 
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patient year in the postoperative patients with normal a ad 
abnormal recovery times were also compared using Student's 
t test. X 
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Results A 


Control group: The mean corrected pacemaker a 
covery time in the 54 control subjects was.135 msec; the 
longest normal value was 250 msec.!! The pacemake: 
to recover first after rapid atrial pacing was the S-A 
node in all of the control patients. An example of ¢ 
normal corrected pacemaker recovery time is illustrat ec 
in Figure 1. E 

Postoperative patients: The corrected-pacema ke: 
recovery time was normal in 13 patients (range 0 to 22% 
msec; mean 115 msec). It was prolonged in 11, patient: 
(range 255 to 1,200 msec; meam 472 msec) (Fig. 2). n4 
of the 11 patients with a prolonged recovery time | 
junctional escape complex was recorded before recove 
of the S-A node after rapid atrial pacing. B 

In the six patients subjected to multiple pacing rates 
a biphasic effect of pacing was found. In the patient: 
whose sinus rates ranged from 45 to 85/min pacing a 
twice the sinus rate produced a postpacing depressior 
within 10 percent of the maximal depression found it 
the range of 10 rates. RA 
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TABLE I 


FAN 
Rhythm After First Postoperative Week in Relation to- E 
Corrected Pacemaker Recovery Time (CPRT) P 
Normal — - Abnormal! 
CPRT CPRT* 
Patients (no.) 13 11 a 
Sinus rhythm only 10 2 a 
Dysrhythmias E 
Passive 3 9 53 
Active 1 2 2 
P wave height (mv) 
«0.05 1 3 
0.05—0.1 3 4 

20.1 9 2:53 

— 
* More than 250 msec. E 


1000msec. 


A Before Atrial Pacing 





A\ ies 
B Aftér Atrial Pacing 


FIGURE 2. Abnormal corrected pacemaker recovery time of 650 ms 
in a patient after the Mustard procedure. 
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e Cocrelatiou: of pacemaker recovery times and 

ysrhythmias: Correlation of rhythms during the fol- 
ow-up period with the corrected pacemaker recovery 
à ne (Table I) showed that only 3 of 13 patients (24 
er Econo with a normal recovery time had dysrhythmias 
s the follow-up period whereas 9 of the 11 patients 
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E. CPRT 65msec. 


d c JRE 3. Three tracings from lead (L) II before (A), 1 year (B), and 

ars (C) after the Mustard operation in a patient who had a normal 

ostoperative corrected pacemaker recovery time (CPRT) of 65 msec. 
iym i is present in each panel. 


JR. Op. 5-II 72 I (4yrs) - 


HEHE 
| 





= pui 

Ns 

E 

E 

E. i 

NES T hpi 
E. | m em 
ÀÉ uq] ee 
E | Hiph Hu En HAE miN 
E | IIIA LI AL 
a i EE DUUM NUM i 
E E Rp E P H 

E 2 HEU HREN 

E : HM 

E : ui i E — 

B 

B . 

EC " 1 

- 

E 

E. du 

E SEEN Ma um 
OM ; : EHEHEHEH HERE Hi HH ER 
B 


IURE 5. Three records from a patient with an abnormal corrected 
maker recovery time of 395 msec showing normal rhythm pre- 
eratively (A), junctional rhythm (B) and sinus arrhythmia and low 


pe P waves (C). 
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(82 percent) with a prolonged recovery time had atrial 
dysrhythmias in this period. This difference was sta- 
tistically significant. Figure 3 shows an example of 
normal sinus rhythm during the postoperative follow-up 
period in a patient with a normal corrected pacemaker 
recovery time. The surface electrocardiograms in Fig- 
ures 4 and 5 were obtained during the follow-up study 
of two patients who had an abnormal corrected pace- 
maker recovery time; they show A-V dissociation by 
default and marked sinus bradycardia. The patient 
whose electrocardiogram is shown in Figure 4 died 





CPRT 300msec. 


FIGURE 4. Lead II electrocardiogram 6 months (A) and 1 year (B) after 
the Mustard operation in a patient who had a prolonged corrected 
pacemaker recovery time of 300 msec. The tracings show A-V dis- 
sociation by default. 
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FIGURE 6. Follow-up electrocardiograms from a patient who had a 
normal corrected pacemaker recovery time of 110 msec but had 
several postoperative rhythm disturbances. A, supraventricular 
tachycardia and first degree A-V block; B, junctional rhythm; C, su- 
praventricular tachycardia with variable block; D, A-V dissociation by 
default; E, junctional rhythm 7 years postoperatively. 
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PACEMAKER RECOVERY TIME AFTER MUSTARD OPERATION—EL-SAID ET Al 


suddenly 26 months after his operation in spite of a good 
hemodynamic result. By contrast, Figure 6 is from a 
patient who had several documented dysrhythmias 
during the follow-up period in spite of a normal cor- 
rected pacemaker recovery time. The P wave amplitude 
was significantly higher in the group of patients who had 
a normal corrected pacemaker recovery time. 


Discussion 


In adult patients with suspected sick sinus syndrome, 
the corrected sinus nodal recovery time is considered 
the most reliable index of S-A nodal function.!0-1? 
However, there are limitations to its usefulness.!? Ov- 
erdrive pacing at too rapid a rate may result in S-A 
nodal entrance block and a false negative result.!? False 
negative results have also been reported without evi- 
dence of S-A nodal entrance block.!? 

Our study demonstrates a high degree of association 
between the corrected pacemaker recovery time and the 
abnormalities seen in the surface electrocardiogram 
during the postoperative follow-up period after the 
Mustard procedure. The incidence of sinus rhythm was 
significantly greater and the incidence of dysrhythmias 
smaller in children who had a normal recovery time. The 
corrected pacemaker recovery time was used to include 
subjects manifesting escape of a junctional pacemaker 
before recovery of the S-A node, but none of the four 
who recovered with junctional escape beat had a normal 


recovery time. The postpacing recovery by a junctiona 
pacemaker, rather than the S-A node, is additional e 
idence of S-A nodal damage. E 
Previous studies!®™!3-15 have shown that only one thirt 
to one half of patients with the sick sinus syndrome hav 
an abnormal recovery time, thus suggesting that ab 
normal overdrive suppression of the S-A node does nc 
occur in all patients. We do not know whether our pa 
tients who had normal sinus recovery had a normal S-/ 
node. The electrocardiogram in Figure 6 is probabl 
from a patient with an abnormal S-A node in spite 0 
normal pacemaker recovery time. E 
All of the postoperative patients and many of th 
control patients were taking digitalis up to 24 hour 
before study. In our previous study of children wit! 
normal sinus nodal function Wwe found no differen¢ 
between digitalized and nondigitalized patients.!! I 
one study% in which patients were given short-terr 
doses of digitalis the sinus recovery time was shortene 
slightly. We therefore do not believe that digital: 
played a role in our findings. | 
We conclude that the corrected pacemaker recove 
time after the Mustard operation for transposition ¢ 
the great arteries is a useful test. An abnormal recove 
time indicates that the patient is more likely to hav 
rhythm changes and a poor prognosis. However, a noi 
mal corrected pacemaker recovery time does not ru. 
out abnormal sinus nodal function. 1 
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The relative size of the main pulmonary artery was determined from 
cineangiograms of 117 patients with d-transposition of the great arteries 
by calculating the ratio between the diameters of the main pulmonary 
artery and aorta. The pulmonary artery was largest in patients with ven- 
tricular septal defect or patent ductus arteriosus, or both, because of in- 
creased pulmonary arterial pressure and flow. In patients with an intact 
ventricular septum or with left ventricular outflow tract obstruction, or both, 
the main pulmonary artery was approximately the size of the aorta. Two 
cases of d-transposition and gross dilatation of the main pulmonary artery 
and hypoplastic first branch pulmonary arteries are presented. In these 
cases the ratio between the diameters of the main pulmonary artery and 
aorta was greater than in any of the other 117 cases studied. 

Distensibility of the right pulmonary artery in 18 patients with d- 
transposition was assessed by determining the percent change in radius 
and the pressure-strain elastic modulus from the cineangiograms. In pa- 
tients with intact ventricular septum the distensibility was similar to that 
reported for normal control subjects, but increased pulmonary arterial 
pressure due to a ventricular septal defect resulted in stiffer vessels. In 
comparison with these 18 patients the 2 patients with a grossly dilated 
main pulmonary artery had an excessively distensible main pulmonary 
arterial wall as indicated by a greater percent change in radius and ab- 
normal tension-strain relation. 

Excessive distensibility of the main pulmonary artery and hypoplasia 
of the first branch pulmonary arteries allowed a greater accommodation 
of left ventricular stroke volume in the main pulmonary artery and hence 
resulted in their gross dilatation. 


The size of the main pulmonary artery in d-transposition of the great 
arteries is dependent upon its associated lesions. Although postmortem 
studies have shown that stenosis of the left ventricular outflow tract 
results in a main pulmonary artery that is smaller than the aorta, and 
that the presence of ventricular septal defect is associated with com- 
paratively larger pulmonary arteries,! this information has not been 
quantitated. In subjects with normally related great vessels, gross dila- 
tation of the pulmonary arteries of known and unknown origin? is well 
documented. 

Anatomic abnormalities of the pulmonary valve apparatus? or of the 
vessel wall? are reported to result in aneurysmal dilatation. Hemody- 
namic factors such as increased intraluminal pressure’ or turbulent blood 
flow as in atrial septal defect? and pulmonary valve stenosis? result in 
large pulmonary arteries. 

This study reports on our measurement of the size of the main pul- 
monary artery from the angiograms of 117 patients with d -transposition 
of the great arteries and presents two cases of gross dilatation of the main 
pulmonary artery—a finding not previously reported in d-transposition. 
Distensibility studies were performed to clarify the mechanisms re- 
sponsible for the variations in the size of the main pulmonary artery in 
d -transposition. 


— 


t 


Material and Methods 


Pulmonary arterial size: To determine the variability of 
the size of the main pulmonary artery in d-transposition of 
the great arteries, we reviewed the cineangiograms of 117 
patients less than 24 months of age studied at The Hospital 
for Sick Children, Toronto between 1967 and 1973. Twenty- 
four patients had an intact ventricular septum, 26 had asso- 
ciated patent ductus arteriosus and intact ventricular septum, 
37 had a ventricular septal defect and 30 had left ventricular 
outflow tract stenosis. Patients with pulmonary arterial 
banding or systemic-pulmonary arterial shunts were excluded. 
The diameters of the main pulmonary artery and aorta were 
measured during systole in the lateral projection 2 to 3 mm 
above the sinuses. The result was expressed as a ratio. To 
validate the values obtained as a measure of pulmonary ar- 
terial size in patients with d-transposition the aortic diameter 
was measured in 18 patients, 8 with intact ventricular septum, 
5 with a moderate to large ventricular septal defect with or 
without patent ductus arteriosus and 5 with moderate to se- 
vere stenosis of the left ventricular outflow tract. The result 
was expressed as a function of the body surface area. No sig- 
nificant difference in the diameter of the aorta was noted 
among the groups. Thus, it was concluded that in d-transpo- 
sition the ratio between the diameters of the main pulmonary 
artery and aorta indicate the relative size of the main pul- 
monary artery among various groups. 

Two patients with grossly dilated pulmonary artery: 
Two patients had a grossly dilated main pulmonary artery: 
Patient 1, with an intact ventricular septum and Patient 2, 
with a ventricular septal defect of moderate size (Table I). A 
mid-systolic murmur at the left sternal border and a high- 
pitched systolic murmur in both axillae and back was audible 
in both patients. The chest X-ray film in Case 2 showed evi- 
dence of hyperaeration of the left lung due to compression of 
the left main stem bronchus by the enlarged main pulmonary 
artery; this finding was confirmed on bronchoscopy and in- 
traoperatively. 

The cardiac catheterization data in these two cases are 
presented in Table I. Both patients had a small pressure 
gradient across the left ventricular outflow tract and between 
the main and the right pulmonary arteries. Patient 1 also had 
a small gradient between the main and left pulmonary arte- 
ries. 

The angiographic findings in both patients were remark- 
ably similar (Fig. 1). The main pulmonary artery was greatly 


TABLE I 


Cardiac Catheterization (C) and Intraoperative (I) Data in Two Patients With Dilatation of the Pulmonary Arteries 


Pressures (mm Hg) 


Case Age (mo) 


BSA _ Aortic O, 
no. & Sex (m?) 


Sat. (96) LV MPA 


1 “OM 0.31 47 C 46/6 33/9 
(20) 


| — 45/12 


67/0—3 45/14 
(27) 


| — 43/27 
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dilated in both, and during peak systole measured 24 and 31 
mm in diameter (corrected for X-ray magnification) in Pa- 
tients 1 and 2, respectively. In both cases the left and right 
pulmonary arteries were small and the right pulmonary arte y 
showed mild dilatation near its origin from the main pulmo «| 
nary artery. n 1 

The Mustard operation was successfully performed in bo " 
patients, and the ventricular septal defect was closed in Pa- 
tient 2. At operation, the right and left pulmonary arteries 
were found to be small and there was no definite localized 
stenosis of their ostia. Biopsy specimens obtained from the 
anterior wall of the main pulmonary artery in both patients 
were considered consistent with age. In Patient 2 a portion of 
the anterior wall of the main pulmonary artery was removed 
so as to relieve the compression of the left main stem bron- 
chus. . on 

Pulmonary arterial distensibility: The distensibility of 
the right pulmonary artery in 18 patients with d-transposi 
tion—10 patients with intact ventricular septum, 8 with as- 
sociated ventricular septal defect —and in the 2 patients unde! 
special consideration, the distensibility of the main pulmonary 
artery was determined using an angiographic method?58, 
Cineangiograms were recorded on 35 mm film at a rate of 60 
frames/sec, and careful tracings of the pulmonary arteries 
were made during systole and diastole. Maximal and minima 
diameters were measured midway between the origin and the 
first branch of the right pulmonary artery and of identical 
points at the maximal curvature of the main pulntonary artery 
in anteroposterior angiograms. The diameters were correctec 
for magnification using catheter image size.!9 The pulmonary 
arterial pressure was obtained using Statham transducet 
model P23-Db and was recorded before the cineangiograms; 
Percent change in radius and pressure strain elastic modulus 
were calculated according to the following formulas’: 


AR X 100 1 
R 











Percent change in radius = 


ai 2 "P "RE 


APX 


Pressure strain elastic modulus (in g/cm?) = AR 


A Aa 


where AR = change in radius (difference between me xima 
and minimal values); R = mean pulmonary artery radiu: 
(average of maximal and minimal values); and AP — differenc 
between systolic and diastolic pulmonary arterial pressure 
(that is, pulmonary arterial pulse pressure). 1 


Measurements 
Diameter (cm) 
MPA/Ao 
RPA LPA Ratio VSD RPA  LPA MP 
10/6 NR 1.7 0 NR 06 24 
22/12 15/10 NR 0 0.7 0.8 NF 
9/6 NR 2.4 65* 0.6 0.5 3 
(PVW) 
NR NR NR 0.5 0.7 0.7 NF 





*Ventricular septal defect measured as percent of aortic root. 
Figures in parentheses indicate mean pressures. 


Ao = aorta; BSA = body surface area (m?); LPA = left pulmonary artery; LV = left ventricle; MPA = main pulmonary artery; NR = not r 
corded; PVW = pulmonary venous wedge; RPA = right pulmonary artery; VSD = ventricular septal defect. à 
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c Results 


_ Size of main pulmonary artery: Table II summa- 
'izes the detailed angiographic analysis in 117 patients 
With d-transposition, and Table III shows the ratio 
between the diameters of the main pulmonary artery 
and aorta in these patients. In patients with an associ- 
ated ventricular septal defect or a patent ductus arte- 


osus the main pulmonary artery was larger than the 
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aorta and larger than that of patients with simple d- 
transposition, whose main pulmonary artery was 
slightly smaller than the aorta. When stenosis of the left 
ventricular outflow tract was present with or without 
ventricular septal defect, pulmonary arterial size was 
comparable with that of patients with simple d- trans- 
position. The main pulmonary artery was smallest in 
patients with associated isolated stenosis of the pul- 
monary valve. In the two patients with a greatly dilated 





URE 1. Left (L) and right (R) panels are the left ventricular cineangiograms showing gross dilatation of the main pulmonary artery and hypoplastic 


ight and left pulmonary arteries in Patients 1(L) and 2(R). Note an apparently increased blood flow to the right lung in Patient 2, due to hyperaeration 


M 


left lung. The central panel (C) is the left ventricular angiogram of a patient with d-transposition and a small ventricular septal defect and 


hows a more common relation between the size of the main and first branch pulmonary arteries. 
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in jiographic Data in 117 Patients With d-Transposition of the Great Arteries (d-TGA) (1967—1972) 


Persistent Ductus Arteriosus* 


Ventricular Septal Defect 
As 95 of Aortic Root 


Pulmonary Stenosis 


Subvalve 
TGA no Small Moderate Large Total <50% >50% Total Valve Subvalve + Valve Total 
oup | 24 c EE t TP 
iroup II 26 5 10 11 26 CAM LEN 
roup II! 377 2 5 5 12 7 12 19 
D (41 + 9) (64 * 15) 
roup IV 301 0 5 0 5 23 2 23 6 13 11 30 
H (47 + 9) 


*Size assessed by degree of pulmonary arterial opacification and recirculation. 

TVentricular septal defect assessed by vision in 18 patients (small in 9 and moderate in 9). 

* Intact ventricular septum in 5 of 30, size of ventricular septal defect assessed by vision as moderate in 2 of 25. 
_ Figures im parentheses indicate mean value + 1 standard deviation. 
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main pulmonary artery the ratio between the diameters 
of the main pulmonary artery and the aorta was sig- 
nificantly greater than that of patients in their respec- 
tive categories. 

Pulmonary arterial distensibility: Table IV shows 
various measurements defining pulmonary arterial 
distensibility in the 18 patients with d-transposition and 
the 2 with a dilated main pulmonary artery. The pa- 
tients with d-transposition and intact ventricular sep- 
tum had a percent change in radius comparable with 
that reported for normal control subjects.’ When ac- 


TABLE III 


Ratio of Diameters of Main Pulmonary Artery and Aorta 
in 117 Patients With d-Transposition of the Great Arteries 
SIN aee, uad CO Ve ABC NR he 


Patients 
Ratio (*1 SD) (no.) 
Group! (TGA) 0.97 + 0.18 24 
Group II (TGA + PDA) 1.13 £0.19" 26 
Group IH (TGA + VSD + PDA) 1.18 + 0.307 37 
Group IV (TGA +PS + VSD + PDA) 0.98 + 0.31 $ 30 
A Pulmonary valve stenosis 0.80 + 0.23 6 
B Combined valve and subvalve 0.95 + 0.32 11 
stenosis 
C Subvalve stenosis 1.08 * 0.41 13 
Patient 1 (Group I) | 1.7 
Patient 2 (Group 11) Š 2.4 


*Statistically significant difference from values in Group |. (P 


« 0.005). 
TStatistically significant difference (P «0.005) from values in 


Group |. 
tDifference not significant when compared with values in Group 
| but significant (P <0.01) when compared with values in Group III. 
The patients with a grossly dilated main pulmonary artery. 
PDA - patent ductus arteriosus; PS = pulmonary stenosis; SD = 
standard deviation; TGA = d-transposition of great arteries; VSD = 
ventricular septal defect. 


FIGURE 2. Mean pulmonary arterial pressure 
(PAP) in mm Hg and pressure-strain elastic mod- 
ulus (Ep) (g/cm?) show a linear relation in 18 pa- 
tients with d-transposition. The interrupted lines 
show 1 standard deviation scatter. The patients 
with a ventricular septal defect (closed circles) 
have a high pressure-strain elastic modulus 
compared with those with intact ventricular sep- 
tum (semi-closed squares). Both Patient 1 (open 
square), who had an intact ventricular septum, and 
Patient 2 (semiclosed circle), who had a ven- 
tricular septal defect, had decreased values for 
pressure-strain elastic modulus. 
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count is taken of the patients’ age!!!” the corrected 
pressure-strain elastic modulus value is comparable 
with the reported values." In patients with d-transpo- 
sition and ventricular septal defect, the percent change 
in radius was not statistically different from that of the 
group with intact ventricular septum, but the pres- 
sure-strain elastic modulus value was higher. E. 

Mean pulmonary arterial pressure in 18 patien S 
with d-transposition was plotted against calculated 
pressure-strain elastic modulus values. A linear relation 
was noted; that is, the greater the pulmonary arterial 
pressure, the higher the pressure-strain elastic modult S 


. v 

TABLE IV e 
Distensibility Measurements in Patients With | i 
d-Transposition of the Great Arteries and the Two Patients. 
With a Dilated Main Pulmonary Artery i 
(mean + 1 standard deviation) E 

Age BSA PAP  PCR' Ep Ro 

(mo) (m?) (mm Hg) (%) (g/cm?) — (em) 

TGA with IVS 15 0.32 11.5 14 128 0.49 - 
+9 +2.8 +3 +51 +0.09 

Patient 1 9 0.31 20 38.0 76 1.0" 

TGA with VSD 14 042 385 15 345 048% 
| +10 +14.7 +3 +103 +0.07 


Patient 2 17 0:37:27 36.0 104.0 1.92208 


*Mean of systolic and diastolic main pulmonary arterial radius. 

BSA = body surface area; Ep = pressure-strain elastic modulus 
IVS = intact ventricular septum; PCR = percent change in radius; F 
= mean of systolic and diastolic radius of the right pulmonary artery 
in patients with d-transposition and of the main pulmonary artery if 
the two patients with a dilated main pulmonary artery; TGA =¢ 
transposition of the great arteries; PAP = mean pulmonary arteria 
pressure; VSD = ventricular septal defect. j$ 
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FIGURE 3. Tension-radius (R) diagram of the dilated main pulmonary 
arteries of the two patients. Radius is normalized by dividing by Ro, 
hich is the calculated radius at zero tension.® Solid and interrupted 
ines are the mean and 1 standard error of the estimate of the values 
)btained from the normal pulmonary arteries.? For a certain radius the 
jalues for developed tension for both Patients 1 (open squares) and 
2 (semiclosed circles) are lower than normal. Middle points (dots over 
symbols) are obtained by utilizing values for mean pressure and radi- 


value (Fig. 2). In the two patients with a dilated main 
ulmonary artery the values for percent change in ra- 
lius and the pressure-strain elastic modulus were lower 
n comparison with those of the 18 patients with d- 
ransposition (Fig. 2). 


Discussion 


< Our data show that patients with d-transposition and 
| ventricular septal defect or patent ductus arteriosus 
lave a significantly larger main pulmonary artery than 
hose with an intact ventricular septum. In the group 
vith stenosis of the left ventricular outflow tract, the 
ize of the main pulmonary artery was comparable with 
hat of patients with an intact ventricular septum. Pa- 
ients with d-transposition and ventricular septal defect 
patent ductus arteriosus, or both, are reported to have 
r creased pulmonary arterial pressure and flow,!3 and 
hese factors seem to be responsible for the greater size 
f the main pulmonary artery.’ 

In our patients with d-transposition and a ventricular 
eptal defect the value for pressure-strain elastic mod- 
lus was increased and was linearly related to the in- 
raluminal pressure. The pressure-strain elastic mod- 
ilus (Ep) for a nontethered circular elastic tube is re- 
ated to the Young's elastic modulus (E) of the vessel 


V 


Ik 
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wall material by the equation: Ep = E(h/R), where h = 
vessel wall thickness, and R = radius of the vessel.14 
Thus an increase in the pressure-strain elastic modulus 
can be due to an increase not only in the Young’s mod- 
ulus of elasticity but also in the h/R ratio. It is reported 
that increased intraluminal pressure results in both 
increased vessel wall thickness and increased radius.!^ 
The three-fold increase in the pressure-strain elastic 
modulus in our patients suggests that both Young's 
elastic modulus (decreased elasticity) and h/R ratio 
played a role in this increase. In patients with d-trans- 
position and intact ventricular septum and normal 
pulmonary arterial pressure, the normal pressure-strain 
elastic modulus indicated a normal vasculature. 

Patients with grossly enlarged pulmonary artery: 
In the two patients with a grossly enlarged main pul- 
monary artery and normal or mildly increased pulmo- 
nary arterial pressure, the value for pressure-strain 
elastic modulus was decreased. Since a large increase 
in the radius was present in these two patients, the h/R 
ratio may well have been decreased so that the decrease. 
in pressure-strain elastic modulus could have been due 
either to a decreased Young's elastic modulus or to a 
decrease in h/R ratio. 

Roach and Boughner!®-!7 have experimentally dem- 
onstrated that in poststenotic dilation the elasticity of 
the vessel material was decreased due to the effect of 
turbulence. Boughner and Roach? compared the ten- 
sion-strain diagrams of the pulmonary arteries of the 
patients with poststenotic dilation and atrial septal 
defect who had normal pulmonary arterial pressures 
and found that, compared with normal values, the de- 
veloped tension for a certain change in radius was lower 
in both. They concluded that the results indicated de- 
creased elasticity of these dilated vessels. The ten- 
sion-strain radius relation in both of our patients was 
similar to that reported for atrial septal defect? (Fig. 3). 
It seems likely that turbulence due to increased pul- 
monary blood flow caused increased distensibility in 
both patients. Bilateral hypoplasia of the first branch 
pulmonary arteries in both patients provided increased 
impedance to the forward flow from the main pulmo- 
nary artery, resulting in accommodation of the major 
part of the left ventricular output in the main pulmo- 
nary artery. Increased distensibility allowed for gross 
dilation of these vessels. 

In conclusion, increased intraluminal pressure re- 
sulted in a larger and stiffer main pulmonary artery, and 
increased pulmonary blood flow with normal intralu- 
minal pressure resulted in gross dilation of the main 
pulmonary artery through alteration of the vessel wall 
distensibility in our two patients. The latter mechanism 
may well determine the size of the main pulmonary 
artery in patients with d-transposition who have in- 
creased pulmonary blood flow without increased pres- 
sure. 
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-chocardiographic Abnormalities in Acute Rheumatic Fever 


The echocardiographic velocity of circumferential fiber shortening and 
left atrial dimension were measured serially in two groups of children with 
acute rheumatic fever: Group I, six patients with valve regurgitation without 
congestive heart failure, and Group Il, seven patients with regurgitation 
and congestive heart failure. In Group I, the initial velocity of circumfer- 
ential fiber shortening was increased to 1.90 + 0.31 circumferences per 
second (circ/sec) (mean + standard deviation). In Group Il, it was de- 
creased (1.18 + 0.25 circ/sec). In Group | velocity of circumferential fiber 
shortening subsequently decreased but remained above the normal level; 
in Group Il it increased to exceed the expected normal value. Concurrent 
changes in left atrial dimension were observed in both groups. The initial 
left atrial dimension of Group | (2.2 + 0.75 cm/m?) was slightly increased 
and returned to normal (1.70 + 0.32) on follow-up study. The left atrial 
dimension of Group Il was greatly increased initially (2.70 + 0.81 cm/m?) 
and remained large (2.50 + 0.67). Three patients in Group Il experienced 
rebound during corticosteroid withdrawal. In each the velocity of cir- 
cumferential fiber shortening decreased, suggesting impaired cardiac 
contractility. The echocardiogram thus facilitates serial assessment of 
the severity of carditis in acute rheumatic fever. 


In the evaluation of acute rheumatic fever the severity of the carditis 
predicts the degree of residual chronic rheumatic disease. Responses of 
the erythrocyte sedimentation rate and other variables in the acute phase 
are used to determine both the presence and duration of rheumatic ac- 
tivity.! However, the elevation of the erythrocyte sedimentation rate is 
often as striking in patients with joint involvement as in those with severe 
carditis.? 

In this study we evaluated the usefulness of the echocardiogram in 
assessing the severity of carditis throughout the course of illness in pa- 
tients with acute rheumatic fever. Acute rheumatic fever is a pancarditis 
and the characteristic changes of pericarditis,? myocarditis and val- 
vulitis? may be demonstrated in the echocardiogram. This study reports 
the serial echocardiographic changes from the onset of disease through 
convalescence in two groups of patients with acute rheumatic fever, one 
with mild valve regurgitation and one with severe valve regurgitation 
and congestive heart failure. 


Materials and Methods 


The study group comprised 14 patients aged 8 to 17 years with acute rheumatic 
fever, representing all patients with this diagnosis at the University of Iowa 
Hospitals from July 1973 to June 1975. Periods of observation ranged from 5 
to 19 months. Two patients had combined mitral and aortic regurgitation. In 
both patients the murmur of aortic regurgitation disappeared by the 5th hospital 
day. Four patients had pericardial effusion. One patient had chorea with no 
clinical manifestations of cardiac involvement. 

Echocardiograms were performed using a Smith-Kline Ekoline 20 ultraso- 
noscope with a 2.2 or 5 megahertz unfocused transducer. The tracings were re- 
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corded on a Honeywell 1856 strip chart recorder. All echo- 
cardiographic dimensions were measured from three se- 
quential beats and averaged. The end-systolic dimension 
(LVDs) was measured just below the level of the mitral valve 
at the peak of the anterior movement of the left ventricular 
posterior endocardium (Fig. 1). The end-diastolic dimension 
(LVDd) was measured at the Q wave of the electrocardiogram. 
The mean velocity of circumferential fiber shortening (VCF) 
in circumferences per second (circ/sec) was calculated using 
the following formula$: 


LVDd — LVDs 


VCF (circ/sec) = LVDd x LVET 
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FIGURE 1. Composite echocardiogram. Left panel, the transducer is 
directed at the chordae tendineae, below the level of the mitral valve. 
The left ventricular diastolic dimension (LVDg) is measured on the Q 
wave of the electrocardiogram. The systolic dimension (LVD,) is re- 
corded at the moment of peak anterior movement of the left ventricular 
posterior wall endocardium. Right panel, the transducer is directed to 
record the aortic valve leaflets. The left ventricular ejection time (L VET) 
is measured from the rapid opening of the aortic valve leaflet to clo- 
sure. 
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FIGURE 2. Comparison of mean rate of circumferential fiber shortening 
(VCF) in two groups of patients with acute rheumatic fever. The rate 
in patients with mitral regurgitation and no congestive heart failure 
(Group |) is increased initially and decreases to normal; that in patients 
with both mitral regurgitation and congestive heart failure (Group Il) is 
initially decreased and increases to above normal. The horizontal line 
indicates the normal value for age. 
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The left ventricular ejection time (LVET)? was obtained from 
the aortic valve echocardiographic tracing. Left atrial di- 
mensions were measured by the method of Hirata et al. These 
dimensions were corrected for body surface area. : 
The 13 patients with cardiac involvement were classified 
into two groups: Group I, six patients with valve regurgitatior 
but no clinical manifestations of congestive heart failure, and 
Group II, seven patients with valve regurgitdtion and con 
gestive heart failure (Table I). Three echocardiographie 
studies were performed: (a) immediately on admission; (b) on 
the day that a course of corticosteroid therapy terminated Or, 
if no corticosteroids were administered, on the 12th day after 
admission; and (c) during convalescence (the last time the 
patient was seen in the outpatient clinic). In three patients 
who experienced corticosteroid withdrawal rebound, defined 
as an abnormal inérease in erythrocyte sedimentation rate, 
additional echocardiographic studies were performed: at the 
termination of steroid therapy, during rebound and on rein- 
stitution of steroid therapy. Erythrocyte sedimentation rate 
was determined in all patients on the day echocardiographie 
measurements were performed. : ^ 












Results 


The patient with chorea who had no manifestations 
of carditis had normal echocardiographic findings, and 
his data are not included in the results. Of four patients 
with pericardial effusion, two manifested the effusion 
only in the echocardiogram; the other two had cardiac 
enlargement demonstrated by chest roentgenogram as 
well as echocardiographic evidence of pericardial eff 5 
sion. 

Mean velocity of circumferential fiber shorten- 
ing (Table I): The normal pediatric values for the 
echocardiographic dimensions and mean velocity of 
circumferential fiber shortening have been established.? 
The mean velocity of circumferential fiber shortening 
on the day of admission (a) was greater in patients in 
Group I than in patients in Group II, whose value was 
lower than the normal value of 1.34 circ/sec? (P «0.001). 
The mean velocity of circumferential fiber shortening 
in Group I decreased toward the normal value during 
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FIGURE 3. Comparison of left atrial diameter (LAD) in two groups of 
patients with acute rheumatic fever. The left atrial diameter is initially 
larger in patients with mitral regurgitation and congestive heart failure 
(Group II) but decreases in both groups. It remains larger than normal 
in Group II. The horizontal line indicates the normal left atrial diameter 
for age. 
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subsequent examinations and, on the last visit (c), was 
slightly greater than the expected value. This reduction 
was associated with a gradual disappearance of the 
murmurs of mitral regurgitation. 

+ In contrast, the mean velocity of circumferential fiber 
shortenihg in Group II steadily increased, from initial 
values (a) that suggested depressed cardiac performance 
to elevated values on the last visit (c). Nevertheless, 
values differed significantly in the two groups only on 


ECHOCARDIOGRAM IN ACUTE RHEUMATIC FEVER—SCHIEKEN AND KERBER 


ws d * War ue oo > = Td ton) Je) "FFRTI'ITUCLV*RUOM 


day 1 and not on the two subsequent days (Fig. 2). Re- 
peated measures analysis established that the trends 
within the two groups—decreasing mean velocity of 
circumferential fiber shortening in Group I and rising 
values in Group II—were different (P «0.05). 

Left atrial dimensions (Table I): Concurrent 
changes were observed in left atrial dimension (Fig. 3). 
The left atrial dimension was slightly increased in 
Group I during period a and returned to normal by pe- 


X 3 
m" i 
TABLE I 
Results in 13 Cases of Rheumatic Fever 
Case Age LVDd LVDs LVET VCF LAD ESR 
no. (yr) Day (cm) (cm) (sec) (circ/sec) (cm/m?) (mm in 1 hr) 
A. Group I: Valve Regurgitation Only 
R1 11 a 6.0 2.3 0.17 2.12 1.9 59 
x b 4.4 2.7 0.18 1.50 1.8 15 
E. c 4.4 2.7 0.18 1.50 1.7 12 
M2 10 a 5.19 3.2 0.18 2.13 3.3 28 
‘ay b 5.59 4.3 0.18 1.28 3.3 25 
E c 5.45 4.0 0.17 1.57 2.1 11 
B3 10 a 4.8 9.2 0.22 1.52 1.6 50 
7s b 5.0 3.4 0.23 1.39 1.5 29 
rs : c 4.8 3.1 0.23 1.54 1.7 13 
| 4 12 a 4.6 d. 2 0.20 1.52 0.7 53 
4 b 4.5 3.2 0.18 1.60 1.9 25 
C 4.5 KU, 0.20 1.50 1.3 10 
Eb 9 a 4.9 2.6 0.21 2.24 1.9 28 
E b 4.8 2.7 0.22 1.90 1.7 5 
x C 4.5 3.2 0.18 1.50 1.7 11 
6 13 a 4.2 2.5 0.21 1.90 1.2 10 
b 4.4 2.6 0.22 1.82 1.2 20 
^ C 4. c. 0.23 1.55 1.2 15 
' Mean + SD *3.3—4.7 1.7-2.8 0.19—0.27 1.34 + 0.031 2 «20 
E. a 4.94 + 0.61 2.83 + 0.41 0.19 * 0.01 1.90 * 0.31 2.2 * 0.75 38.00 + 18.94 
e b 4.78 + 0.46 3.15 + 0.64 0.20 + 0.02 1.58 + 0.24 2.02 + 0.67 19.83 + 8.72 
ig C 4.64 + 0.44 3.15 + 0.47 0.19 + 0.02 1.54 + 0.03 1.70 + 0.32 12.00 + 1.78 
E B. Group Il: Valve Regurgitation Plus Congestive Heart Failure 
anu 17 a 6.0 4.5 0.21 1.19 1.3 68 
N b 4.4 3.2 0.21 1.30 1.3 30 
nly C 4.8 2.6 0.19 2.41 1.6 2 
|. 8 15 a 5.7 4.6 0.20 0.96 2.8 4 
b 5.0 3.4 0.18 1.78 2.8 21 
1 G 5.2 3.4 0.19 1.82 2.8 13 
9 8 a 4.4 3.0 0.22 1.45 2.8 5 
9 b 5.1 3.25 0.21 1.74 3.7 34 
! c 5.0 2.9 0.22 1.91 2.6 42 
10 9 a 4.9 3.3 0.28 1.17 X we. 94 
Ur b 4.6 3.1 0.26 1.25 9.2 18 
C 4.8 2.9 0.28 1.41 2.8 6 
11 12 a 4.3 3.6 0.20 0.81 2.74 49 
b 4.8 3.2 0.19 1.75 2.40 6 
C 4.6 3.1 0.20 1.63 1.8 18 
12 12 a 5.4 3.0 0.29 1.53 3.7 111 
b 5.2 2.9 0.32 1.38 3.9 16 
c 4.6 2.5 0.28 1.63 3.4 16 
13 11 a 4.94 3.03 0.28 1.19 2.7 53 
b 5.0 2.90 0.30 1.40 2.5 24 
1 C 4.25 2.50 0.28 1.47 2.5 17 
— Mean + SD *3.3—4.7 1.7-2.8 0.19—0.27 1.34 + 0.031 2 cm/m? «20 
a 5.09 + 0.63 3.61 + 0.67 0.24 + 0.04 1.18 + 0.25 2.70 + 0.81 54.85 + 40.75 
b 4.87 + 0.28 3.13 + 0.18 0.23 + 0:05 1.51 + 0.23 2.90 + 0.91 21.28 * 9.28 
C 4.75 + 0.30 2.84 + 0.33 0.23 + 0.04 1.75 + 0.33 2.50 + 0.67 16.28 + 12.81 


i ivy 
— * = Normal pediatric values.’ 


t = Mean + standard error. 


Day a = day patient first seen; Day b = 12th hospital day; Day c = last outpatient visit; ESR = erythrocyte sedimentation rate; LAD = left 
atrial dimension; LVDd = left ventricular end-diastolic dimension; LVDs = left ventricular end-systolic dimension; LVET = left ventricular ejec- 


tion time; SD = standard deviation; VCF = mean velocity of circumferential fiber shortening. 
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riod c. During period a patients in Group II had greatly 
increased left atrial dimension that persisted through 
period c. The only significant difference between the 
two groups (P «0.01) occurred during period c. 

The end-systolic dimension was larger in Group Il, 
the only significant difference occurring during period 
a (P «0.05), reflecting the congestive heart failure 
present in this group. The measured end-diastolic di- 
mension and left ventricular ejection time were also 
initially larger in Group II, but these differences were 
not significant. The mean erythrocyte sedimentation 
rate was increased initially in both groups and decreased 
toward normal by period b. In our series, the initial 
erythrocyte sedimentation rate had no predictive 
value. 

Three patients experienced corticosteroid with- 
drawal rebound as evidenced by an increased erythro- 
cyte sedimentation rate. One of these patients had an 
enlarged cardiac silhouette with pericardial effusion; 
the other two had no change in their cardiac manifes- 
tations. During steroid therapy the mean velocity of 
circumferential fiber shortening of this group was 1.52; 
during rebound, it decreased to 1.10 and with rein- 
stitution of steroid therapy increased to 1.89. The 
erythrocyte sedimentation rate during rebound varied 
reciprocally with the mean velocity of circumferential 
fiber shortening (Fig. 4). 


Discussion 


The usual methods of evaluating patients with car- 
ditis of acute rheumatic fever are the identification and 
grading of significant murmurs, cardiac enlargement, 
the presence of pericardial friction rub and elevated 
levels of acute phase reactants. In patients with severe 
carditis congestive heart failure may develop in 5 to 10 
percent of the first attacks.!? Generally, these patients 
are left with severe residual heart disease.!! Patients 
with mild carditis may have regurgitant murmurs that 
disappear with healing. Because the prognosis in pa- 
tients with mild mitral or aortic regurgitation is so dif- 
ferent from that in patients with severe regurgitation 
and heart failure, we tried to define objective measures 
of cardiac performance. 

The cineangiographically determined mean rate of 
circumferential fiber shortening has been shown to 
provide an accurate measure of cardiac contractility.® 
Cooper et al.!2 found a high correlation between echo- 
cardiographic and angiocardiographic measurements 
of the mean velocity of circumferential fiber shortening, 
thus providing a noninvasive technique for accurately 
determining the cardiac inotropic state. The mean ve- 
locity of circumferential fiber shortening has been cal- 
culated in patients with mitral regurgitation using the 
left ventricular ejection time derived from the carotid 
pulse tracing. Although the ventricle loses volume 
before aortic valve opening, the standard calculation of 
the mean velocity of circumferential fiber shortening 
is useful. 

Mitral regurgitation: The echocardiogram distin- 
guished between the hemodynamic effects of mitral 
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FIGURE 4. The mean rate of circumferential fiber shortening (VCF) an 
erythrocyte sedimentation rate (ESR) in three patients manifest gre 
bound after termination of steroid therapy. During rebound, the forme 
rate is decreased and the latter increased; with reinstitution of stero [ 
therapy, the former is increased and the latter decreased. m 
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regurgitation and those of the cardiomyopathy © 
rheumatic heart disease. Acute mitral regurgitation su 
as occurred in Group I produced increased mean ve 
locity of circumferential fiber shortening. With healin 
of valvulitis, the mean velocity returned to normal. Thi 
situation resembles that of acute experimental mitra 
regurgitation, which is known to reduce the impedane 
to left ventricular ejection, thereby allowing mor 
complete ventricular emptying and increased velocity 
of myocardial fiber shortening.!? | i] 

Congestive heart failure: Patients with mitral re 
gurgitation and congestive heart failure initially had; 
reduced mean velocity of circumferential fiber short 
ening. Despite the apparent advantages of decreased lef 
ventricular impedance, cardiac performance was di 
minished. This finding strongly suggests that th 
dominant hemodynamic factor in this group was th 
acute rheumatic myocarditis. The mean velocity c 
circumferential fiber shortening increased in these pa 
tients during their hospital course and was supranormt 
in all on the last visit, thereby suggesting that th 
myocarditis was healing and the mitral valve regurg 
tation had persisted. 

The prognosis of patients with congestive heart fai 
ure during active rheumatic fever is known to be wors 
than that of patients with mitral regurgitation alone. 
We suspect that the initial decrease in mean velocity : 
circumferential fiber shortening may be an importat 
prognostic factor. Despite the later increase in th 
variable during convalescence, the long-term prognos 
for patients with this finding may be poor. Patients wil 
long-standing chronic severe mitral regurgitation e 
perience a reduced mean velocity of circumferenti 
fiber shortening and have a diminished inotrop 
state.!4 

Steroid withdrawal rebound: The decrease in mez 
velocity of circumferential fiber shortening in thre 
patients during steroid withdrawal rebound sugges 
that their cardiac performance was transiently dimi 
ished. Another patient had an elevated erythrocy 
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sedimentation rate shortly before discharge. Despite 
his, there were no changes in the mean velocity of cir- 
: im ferential fiber shortening, a finding not consistent 

with rebound as seen in the three other patients. This 
tiagnostic dilemma was solved when the rash of vari- 
cella appeared. Despite the rise in erythrocyte sedi- 
mentation rate, the persistent normal mean velocity of 
circumferential fiber shortening argued against the 
recurrence of rebound. 
_ It is difficult to decide when the rheumatic process 
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ends. The responses of variables such as erythrocyte 
sedimentation rate in the acute phase have been used 
for this purpose. However, these tests do not reflect the 
healing of carditis that can be assessed with echocar- 
diographic measurement of cardiac performance. 
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Each effervescent tablet in solution supplies 25 


potassium as bicarbonate and citrate. 


* Convenient dosage 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 





* Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should he carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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* Two easy-to-take flavors 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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Combipres 
0-6 


The only major new 


combination antihypertensive 
in a decade 
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Please see brief summary of the prescribing information including precautions, warnings, adverse reactions. 
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Combipres e-.e 


Each tablet contains: 
Catapres? brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses* 


Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with 


severe renal or hepatic diseases. 

Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. Tolessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/day), fruit juice and bananas should 
be given. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise, nau E 
sea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one case of possible) 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine — 
hydrochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other * 
behavioral changes, nervousness, restlessness, - 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria? thinning of the i 
hair, pruritus not associated with a rash; impo- - 
tence, urinary retention; increased sensitivity to P 
alcohol, dryness, itching or burning of the eyes, . 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs' test, asymptomatic ` 
electrocardiographic abnormalities manifested — 
as Wenckebach period or ventricular trigeminy. - 
Chlorthalidone: Symptoms such asnausea, gas- | 
tric irritation, anorexia, constipation and cramp- | 
ing, weakness, dizziness, transient myopia and - 
restlessness are occasionally observad. Head- — 
ache and impotenge or dysuria may occur rarely. 
Orthostatic hypotension has been reported and 3 
may be potentiated when chlorthalidone is com- | 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been - 
reported in a few instances. , 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- — 
consistently. This condition, usually reversible on. 
discontinuation of therapy, responds to control 
with antidiabetic treatment. Diabetics and those - 
predisposed should be checked regularly. ) 
As with other diuretic agents hypokalemia may - 
occur (see Precautions). Hyperuricemia may be - 
observed on occasion and acute attacks of gout - 
have been precipitated. In cases where pro- 
longed and significant elevation of blood uric 
acid concentration is considered potentially de- - 
leterious, concomitant use of a uricosuric agent 
is effective in reversing hyperuricemia without - 
loss of diuretic and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic i 
anemia, thrombocytopenia, leukopenia, agranu- 
locytosis, and necrotizing angiitiS have occurred, 
but are rare. 

The remote possibility of pancreatitis should be! 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after pro- i 
longed administration. J 
Other adverse reactions which have been ) 
reported with this general class of compounds | 
include: jaundice, xanthopsia, paresthesia b 
and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, - 
diminished or absent reflexes and vomiting fol- - 
lowed the accidental ingestion of Catapres by — 
several children from 19 months to 5 years of ` 
age. Gastric lavage and administration of an ana- 
leptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 
effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances - 
of electrolyte balance. There is no specific anti- 
dote, but gastric lavage is recommended, fol- 
lowed by supportive treatment. Where necessary, 
this may include intravenous dextrose and saline 
with potassium administered with caution. l 
How Supplied: Combipres® 0.1 (Each tablet E. 
contains clonidine hydrochloride 0.1 mg + 
chlorthalidone 15 mg). It is available as pink, — . 
oval, single-scored compressed tablets in bottles 
of 100. 

Combipres® 0.2 (Each tablet contains clonidine | 
hydrochloride 0.2 mg + chlorthalidone 15 mg). | 
It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 4 
For complete details, please see full prescribing | 
information. 
Under license from Boehringer Ingelheim GmbH 
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Boehringer Ingelheim E 
Boehringer Ingelheim Ltd. i 
Elmsford, New York 10523 l 
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The Edwards’ SWAN-GANZ? Flow-Directed Thermodilution Catheter combined 
with the new Edwards’ Model 9510A Cardiac Output Computer provides a simple, 
“integrated system” for accurate measurement of cardiac function 

in the ICU/CCU environment. 


Catheters and cardiac output 
computers...both are equally important 
considerations when measuring cardiac 
output by the thermodilution technique. 

The Edwards' Model 9510A 
Cardiac Output Computer, which 
provides direct digital display of cardiac 
output in liters per minute, has been 
"systems designed" for direct connection 
to SWAN-GANZ Thermodilution 
Catheters. No adapters or special inter- 
faces are required. Multilumen catheter 
design allows assessment of right and left 
heart filling pressures, in addition to 
cardiac output. 


The ri 








Computer design has been 
refined to afford greater user con- 
venience. For example, the baseline 
setting function has been totally auto- 
mated; an indicator lights if a catheter 
malfunctions before or after insertion; 
and an audio tone signals when the 
computer is ready for the injection. 
Catheter excitation current has been 
reduced to 1L A. maximum. 

Furthermore, the portable, 
battery-operated Model 9510A provides 
the same major features of earlier 
versions, such as simplicity of operation; 
use with iced or room temperature 
injectate; automatic integration of the 





dilution curve; warning of impending 

battery depletion; and optically isolated 

recorder output. í 
For further information about the — 

Cardiac Output System, please write or —.— 

phone Edwards Laboratories, 17221 

Red Hill Avenue, PO. Box 11158, 

Santa Ana, CA 92711, 714/557-8910, 

Cable: EDSLAB, Telex: 68:5567 


C EDWARDS 
C LABORATORIES 
EB . . 


Division of American Hospital Supply Corporation 


combination 
is the key to cardiac output. 

















Identifying your patient at risk 
ofthromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN* is an Endo U.S. registered trademark. 


Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—112 to 2% times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
nodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN®—dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 








Therapeutic principles 
put into practice 


. COUMADIN 








CRYSTALLINE SODIUM WARFARIN’ 





INDICATIONS Based on a review of this drug by the National Academy of Sciences—National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 


of pulmonary embolism, and as an adjunct in the treatment ot coronary occlusion. 
Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye: (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2% days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are rot effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases, The following may be associated with these increased risks 


Pregnancy- COUMADIN* passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN" must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation—coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN® , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN’ . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is essen- 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
tice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
ature; hepatic disorders—infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency- stea- 
torrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN” overdosage; 
dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 
ments; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate; monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide: triclofos sodium; unreli- 
able prothrombin time determinations. 


tincreased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


*Present as crystalline sodium warfarin isopropanol clathrate. 


Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates; Gl 
hydratet: chlordiazepoxide; cholestyramine; COUMADIN" underdosage; diet high in vitamin K ( eget 
fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol; meprobamate 
contraceptives: paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vi amir 


fIncreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and | 
decrease his sensitivity to COUMADIN® . Because the net effect on his prothrombin time response mi 
unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspici n 
when their administration is started or stopped, the prothrombin time should be dftermined more | 
than usual. x 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbt ar 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as à result. of 
ference with either their metabolism or excretion. e 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: | 


1. Minor or major hemorrhage from any tissue or organ—which is an extension of the physiologic à ctiv 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent t 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the conditio E 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding d 
anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR ( 
DOSAGE.) . “4 


a 
Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diac A 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. Mec 


of 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticasia, dermatitis 
nausea, diarrhea, abdominal cramping, a syndrome called ; purple toes;’ hypersensitivity reactions dl 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. ^E 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagul 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding | 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with mir 
comolications can best be achieved in cooperative and well-instructed patients, who keep the di 
informed of their status between visits. COUMADIN® patient aids are avaitable to physicians on request 


The administration and dosage of COUMADIN® must be individualized for each patient according t 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affe 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time 


the physician should become familiar with the specific method used in his laboratory. E 


Administration of COUMADIN® should be gauged according to prothrombin time determinations by 
able method. The blood prothrombin time should usually be determined daily after the administratione 
initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsec 
prothrombin time determinations should be based upon the physician's judgment of the patient's relia 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable. 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. | 
factory levels for maintenance of therapeutic prothrombinopenia are 1% to 2% times the ne 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). E 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
only administered orally, intravenously or intramuscularly. : 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 0! dc 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged b 
patient's prothrombin response. jt 


"m. 
12 
Duration of therapy- The duration of therapy in each patient should be individualized. In general, 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management of patients who undergo dental and su 
procedures requires close liaison between attending physicians, surgeons and dentists. Interru ) 

anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are mai t 
at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosa 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 1⁄2 to 2 times the ct 
level. The operative site should be sufficiently limited to permit the effective use of local procedures 1 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. 1 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. 


COUMADIN® with Heparin-Since a delay intervenes between the administration of the initial dose e 

therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergen 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and inje 
COUMADIN may be administered together in the same syringe. It should be noted that heparin ma) 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN® , the 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutal 
injection. ^" 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readil 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or pare 
administration of vitamin K:. The appearance of microscopic hematuria, excessive menstrual ble 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypopr 

binemia beyond a safe and satisfactory level. 3 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMA 
may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg, will usually corre 
problem. EN. 


If minor bleeding persists, or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg maybe 
parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) — - 


Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombi 

states unresponsive to vitamin K:. d 
Resumption of COUMADIN® administration reverses the effect of vitamin Kx, and a therapeutic 
prothrombinemia level can again be obtained. . 


SUPPLIED Tablets: COUMADIN* (crystalline sodium warfarin). For oral use, single scored, ime 
numerically with potency as follows: 2 mg lavender, 2% mg orange, 5 mg peach, 7% mg yellow, | 
white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravent 
intramuscular use in a vox of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 1 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Wa 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. l 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intra 
lar injection without first having been made approximately isotonic by the addition of a suitable soluti 
only for reconstitution of the lyophilized product. Rev. April, 


. | 

Endo Laboratories, Inc. i 

Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) ^ 
Garden City, N.Y. 11530 
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CARDIOCASSETTE 


A NEW Concept 
in Ambulatory 


ECG RECORDING 


Permits long duration monitoring of active 
patients with playback directly into your 
office ECG unit. No special data process- 

ing equipment is needed. 















Both patient-activated and pre- 
programmed recordings. Program 
can be set to give ECG recording 
periods from 3% to 28 seconds in 
length at intervals from 15 to 120 
minutes, or continous recording. 


Patient's comments recorded on 
tape along with ECG. No necessity 


for patient to keep written diary. 


Continuous endless loop cassette can be 
used to obtain several minutes of ECG 
recording covering the time preceding 

and during the occurrence of symptoms. 


Cost much lower than other long- 
duration ambulatory ECG systems. 


Expands the Effectiveness of 
your ECG Facility and Staff 


Integrated record-playback feature permits easy acquisi- 
| tion and recording of various types of ECG data for later 
| : phone transmission, scope display, editing, batch process- 
j 





hy Te 


we 


ing, computer analysis, etc. 







| Ideal for monitoring patients undergoing cardiac rehabil- 
f itation testing and for investigating the cause of transient 





symptoms such as dyspnea, angina, cerebral ischemia, etc d 





A 
A S 
For a demonstration or more information SAN i 
| write or phone: cw 
em d. ager 


— Cardiodyne__ 
| Cardiodyne, Inc. 19282 Stevens Creek Blvd. Cupertino, CA 95014 Phone: (408) 253-9582 


$ 4 
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Adult heart LAO view 2°! Thallium 


Dyna“ Mo is the mobile 
DynaCamera that extends the 
scope of nuclear diagnosis 
hroughout your hospital. 

The Dyna Mo mobile scin- 
illation camera is fully powered 

ith continuously variable 
speeds up to 2 mph. Dyna Mo 
is compact, maneuvers easily 
around corners, through cramped 
quarters, up inclines and 
between beds. 

But think about versatility 
and performance, too. Versatility 
means Dyna Mo is capable of 


PICK 


Adult brain left lateral view ”™ Te DTPA 


performing every nuclear study 
you need from cardiac work to 
bone imaging. The Dyna Mo 
detector positions easily for any 
organ view with minimum 
discomfort to the patient. 

Dyna Mo performance is 
unexcelled: 2.1mm (1/12") 
resolution, — 1096 uniformity, 
+3% linearity, 100,000 CPS 
(in a 2096 window). 

It features quick-change 
collimators, ECG gating, 
exclusive five-motion detector 


ANADAN 


Adult heart LAO view 20!Thallium 


head, integral tape recorder and 
a list of options and accessories 
unmatched by any other mobile 
camera. Dyna Mo contains the 
most comprehensive nuclear 
capabilities ever put on wheels. 
Dyna Mo is another example 
of Pickersynergy— the complete 
interfacing of systems and 
services for improved diagnostic 
visualization. Send for a 
catalog or contact your local 
Picker representative. Picker 
Corporation, 12 Clintonville 
Road, Northford, CT 06472. 
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Pickersynergy 













edtronic, Inc., 
s pleased to announce 
an historic milestone in pacing: 


the manufacture of the 
100,000th XYTRON pulse generator 
n the United States. 


edtronic wishes to extend its 
gratitude to the medical community 
the confidence it has shown 

n this product. 




















mplantation of the historic unit 
ill be during October, 1976. 
ospital, physician, and recipient 
ill be announced at a future date. 


For further information on 
Xytron pulse generators, 
me contact your 

ocal Medtronic representative. 





Jo Medtronic 


Helping you he 
the pacemaker patient 

















*INDICATIONS —Based on a review of this drug by the National Academy of 
Science-National Research Council and/or other information, FDA has classi- 
fied theindication as follows 


"Possibly" effective: For long-term therapy of chronic angina pectoris Pro- 
longed therapy may reduce the frequency or eliminate anginal episodes, 
improve exercise tolerance, and reduce nitroglycerin requirements The drug 
is not intended to abort the acute anginal attack 


Final classification of the less-than-effective indications requires further 
investigation. 








CONTRAINDICATIONS —No specific contraindications are known 


PRECAUTIONS — Since excessive doses can produce peripheral vasodila- 
tion, the drug should.be used cautiously in patients with hypotension 


ADVERSE REACTIONS — Adverse reactions are minimal and transient at 
recommended dosages. Instances of headache, dizziness, nausea. flushing. 
weakness or syncope, mild gastrointestinal distress and skin rash have 

been noted during therapy. Rare cases of what appeared to be an aggravation 
of angina pectoris have been reported, usually at the initiation of therapy 

On those uncommon occasions when adverse reactions have been persis- 
tent or intolerable, withdrawal of medication has been followed promptly by 
cessation of undesirable symptoms 


DOSAGE AND ADMINISTRATION — The recommended dosage is 50 mg 

(2 tablets) three times a day, taken at least one hour before meals. In some 
cases higher doses may be necessary but a significantly increased incidence 
of side effects is associated with increased dosage. Clinical response may 

not be evident before the second or third month of continuous therapy. 


For complete details, please see the full prescribing information 
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BOEHRINGER 
INGELHEIM 


Boehringer Ingelheim 
Boehringer Ingelheim Ltd., Elmsford, N.Y. 10523 


Illustrated: An English Queen. ..created by 
L. Hewson in London in 1678. 


Despite their obvious charm, English playing 
cards were considered crude in design and 
manufacture, and were far less popular than 
those imported from France or Belgium 


Collection of the United States Playing Card Co 





Whats in the cards for the 
anginal patient? 


For centuries, dealing with the hearts ills has been 
the subtlest of arts, an intricate shuffling of skill ang 
science. Even today, evaluating a drug for chronic 
angina pectoris involves the art of medicine as 
well as its science. 


During more than a decade of clinical experience, 
compounding both science and art, Persantine 
has often been found useful in the long-term man- 
agement of chronic angina pectoris.* It may: 


eliminate or reduce the frequency of anginal 
attacks 


improve exercise tolerance 





reduce nitroglycerin requirements 





Give enough...long enough (recommended dos- 
age. 50 mg t.i.d. at least one hour before meals 
for 60 to 90 days or longer). 


Persantine: 


(dipyridamole) Tablets of 25 mg 


non-nitrate | 
coronary vasodilator 


A6 





For/out of 10 patients, 


your present defibrillator 
may be powerful enough. 


^ But more important, for 
3 out of 10 it may not be. 











Recent studies of de- 
fibrillation have disclosed 
some disquieting facts: "the 
success rate for defibrillation 
of human adults is only about 

5% with defibrillators which 
deliver 300 watt-seconds 
of energy. ’* And *'the prob- 
ability of defibrillating a sub- 
ject who weighs over 220 
pounds is extremely low. ° * 
These studies have produced 
the following finding: '"virtu- _ 
ally all defibrillators now in 
use have inadequate output 
to defibrillate many human 
adults...” * 
k Because of this, we LN 
developed the Datascope M/D2J. A portable 


defibrillator capable of delivering not 300, or the 
widely available 320, but 460 watt-seconds of 
energy. Fully 1/3 more energy than most any other 


portable defibrillator made today. 
Which means,very simply, that you have 
more capability when you need it. 


But the Datascope M/D2J doesn't just de- 
liver more energy than other defibrillators. It tells 


you more about what it's delivering. 


It is the only defibrillator in the world that 


dreads the current delivered 
to the subject during de- 
fibrillation. (Energy 
produces current. But 
current is what produces 











„Èo EPRA 
*TACKER, JR., W.A.: ELECTRICAL DOSE FOR JVATASCOPE 
DEFIBRILLATION. CARDIAC DEFIBRILLATION d Seg 
CONFERENCE, PURDUE UNIVERSITY, ——— Hc co 
PGS. 121-7, OCT. '75 








defibrillation. Which is v 
current is the truly meant 
ful measure.) It also read: 
selected delivered energy 
And delivered energy int 
built-in test load. And ins 
of test lights, or ready lig 
all readings are precisely 
shown on a bright digital 
display. 

To this point, we've 
been discussing the M/D 
as if it were merely a defi 
lator. Of course, it's a mo 
itor/defibrillator. The def 
rillator is an impressive p 
But the other parts are eq 
! ly impressive. The M/D: 
offers the finest non-fade monitor of any 
monitor/defibrillator in emergency medicine. 

And it offers the new Databank. The firs 
cassette recording system in emergency medi 
An instrument that does away with the bulk of 
paper recording while allowing you to record 
merely ECG, but also to record the detailed 
management of the patient verbally onto the t: 

Which means that in addition to offering 
more energy, our system offers more capabilit 
than any monitor/ defibrillator i in the world. 

—1 For more 

information on 
new M/D2J, w 
Datascope Cor 
580 Winters Av 
Paramus,N.J.( 


The new M/D2J 
with Databank. 


HydroDIURIL 
(Hydrochlorothiazide | MSD) 


con be given 
once daily — 
in hypertension 





efficacy - 


Of those hypertensive patients who may be controlled 
by HydroDIURIL, as little as 50 mg daily may be 
adequate for some. In others, 100 mg a day may be 
required for satisfactory blood pressure control. A few 
patients may require 200 mg daily in divided doses. 


convenience 


Single daily doses may represent a useful prescribing 
option, and the availability of HydroDIURIL in 50- and 
100-mg tablet strengths makes the option even more 
useful. Once-daily therapy often represents greater con- 
venience and fosters better compliance. See Addendum 
at right for more dosage details.) 


certain therapeutic 
limitations 


Contraindicated in anuria and hypersensitivity fo 
hydrochlorothiazide or other sulfonamide-derived drugs. 
In patients with renal disease, thiazides may precipitate 
azotemia. Use with caution in patients with severe renal 
disease, impaired hepatic function, or progressive liver 
disease. For more details, please see the brief summary 
of prescribing information. 


TABLETS: 25 mg, 50 mg, and 100 mg 


Hyd 





roDIURIL 


MSD 


MER AN For a brief summary of prescribing information, 


HME  . please see following page. 
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(Hydrochlorothiazide | MSD) 







Recommended 






Dosage of 

HydroDIURIL F^ 
(Hydrochlorothiazide, MSD) 
in Hypertension i 











Starting Dosage 
The usual adult starting dose is 
50 mg or 100 mg as a single or 
divided dose. For many 
patients, the 50- or 100-mg 
tablets allow once-daily ad- 
ministration for convenience. 














Adjusting Dosage 
Dosage is increased or de- 
creased according to the blood 
pressure response of the 
patient. 





Maximum Dosage 
Some patients may require up 
to 200 mg daily in divided 
doses. These patients may also 
benefit from the convenience 
of the 100-mg tablet. 














Use with Other 
Antihypertensive 

Agents 

HydroDIURIL often enhances 
the effect of other antihyper- 
tensive agents. Careful ob- 
servation for changes in blood 
pressure must be made when 
this compound is used with 
other antihypertensive drugs, 
especially during initial therapy. 
















Contraindications: - Anuria; hypersensitivity 
to this or other sulfonamide-derived drugs. 
nings: Use with caution in severe renal 
disease. In patients with renal disease, 
t lazides may -precipitate azotemia. Cumula- 
tive effects may develop in patients with im- 
paired renal function. Use with caution in pa- 
tients with impaired hepatic function or 
progressive liver disease, since minor altera- 
tions of fluid and electrolyte balance may pre- 
cipitate hepatic coma. May add to or potenti- 
ate action of other antihypertensive drugs; pc- 
tentiation occurs with ganglionic or peripheral 
adrenergic blocking drugs. Sensitivity reac- 
ions may occur in patients with or without a 
istory of allergy or bronchial asthma. 
Possibility of exacerbation or activation of 
Systemic lupus erythematosus has been re- 
orted. Lithium generally should not be given with diuretics because they 
reduce its renal clearance and add a high risk of lithium toxicity. Read circulars 
for lithium preparations before use of such concomitant therapy. 
Ge in Pregnancy: Thiazides cross placental barrier and appear in cord blood; in 
pregnancy, weigh anticipated benefit against possible hazards to fetus, includ- 
ing fetal or neonatal jaundice, thrombocytopenia, and possibly other adverse 
reactions that have occurred in adults. 
Nursing Mothers: Thiazides appear in breast milk; if use of drug is deemed es- 
sential, patient should stop nursing. 
Precautions: Perform periodic determination of serum electrolytes to detect 
possible electrolyte imbalance. Observe all patients for clinical signs of fluid or 
electrolyte imbalance, namely, hyponatremia, hypochloremic alkalosis, and hy- 
okalemia. Serum and urine electrolyte determinations are particularly impor- 
tant when patient is vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. Warning signs, ir- 
respective of cause, are dryness of mouth, thirst, weakness, lethargy, drowsi- 
ess, restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
liguria, tachycardia, and gastrointestinal disturbances such as nausea and 
jomiting. Hypokalemia may develop, especially with brisk diuresis, in severe cir- 
thosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
gral electrolyte intake. Hypokalemia can sensitize or exaggerate response of 
art to toxic effects of digitalis (e.g., increased ventricular irritability). Hypo- 
alemia may be avoided or treated by use of potassium supplements, such as 
foods with a high potassium content. Any chloride deficit is generally mild and 
isually does not require specific treatment except under extraordinary circum- 


uu 
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stances (as in liver disease or renal disease). Dilutional hyponatremia may occur 
In edematous patients in hot weather; appropriate therapy is water restriction, 
ort than administration of salt except in rare instances when the hy- 
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onatremia is life threatening. In actual salt depletion, appropriate replacement 
3 the therapy of choice. 
Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
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In hypertension 


roDIURIL 
— (Hydróchlorothiazide | MSD 


Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. . 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Pathologic 
changes in the parathyroid gland with hyper- 
calcemia and hypophosphatemia have been 
observed in a few patients on prolonged 
eran thiazides should be discontinued before testing for parathyroid 
unction. 

Adverse Reactions: Gastrointestinal System— Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic— Leukopenia; agranulocytosis; thrombocytopenia; aplastic 
anemia. 

Cardiovascular— Orthostatic hypotension (may be aggravated by alcohol, barbi- 
turates, or narcotics). 

Hypersensitivity— Purpura; photosensitivity; rash; urticaria: necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Other— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for 
changes in blood pressure must be made, especially during initial therapy. 
Dosage of other antihypertensive agents must be reduced by at least 50 percent 
as soon as this drug is added to the regimen. As blood pressure falls under the 
potentiating effect of this agent, further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide each in bottles of 
i and 1000 and single-unit packages of 100; Tablets containing 50 mg 
ydrochlorothiazide each in bottles of 100, 1000, and 5000 MSD 


and single-unit packages of 100; Tablets containing 100 mg 
TER 
HM 





hydrochlorothiazide each in bottles of 100. 

For more detailed information, consult your MSD representa- 
tive or see full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., Iwc., West Point, Pa. 19486 


Improved Thermodilution 


Standardized Injection Rate 


Repeatable: 
OMP Curve 


The OMP Thermodilution In- 

jector is lightweight, portable 

and compatible with most Bern 
cardiac output computers. A 


single disposable C02 car- 
OMA 


tridge delivers over 20 injec- 

tions. The injector accepts a 

Price: $195.00 Laboratories, Inc. 
Killingworth, CT 06417 


10cc disposable syringe. 
203 - 663 2774 

















BL-613 with 


ELECTRONIC 
ZERO 





Biotronex Laboratory, inc. 
9153 Brookville Road € Silver Spring, Maryland 20910 e Phone: 301/588-6400 
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Pictures that listen. 


Probe your patients with 
sound. And record clear 
echo patterns on Kodak 
Linagraph direct print 
paper, type 2167. 
Ultrasonic examination 
has become a useful 
technique to diagnose 
structural and functional 
cardiac abnormalities. 
When used for ultra- 
sonic applications, 2167 
paper offers fast pop-up, 
excellent image stability, 


and high contrast—with no 
chemical processing. 

For details, write 
Eastman Kodak Company, 
Dept. 412L (260-D), 
Rochester, N.Y. 14650. 


RESULTS 
COUNT 


Kodak TARRAT 


irect print paper, 
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advancement | 


in Holter 
recorders 
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from Mederaft, 
the company with ten years 
of Holter recorder design experience. 
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Permit No. 12 





BUSINESS REPLY MAIL 
No Postage Required if Mailed in the United States 


SS 
willbe paidby Medcraft Incorporated LLL 
Box 542 poe 

Skippack, Pennsylvania 19474 w 


the Newest 


olter Feces 
from Mede raft, 


Accutape 24 is ie latest achievement in 
Holter Recording, the culmination of ten d 
years of recorder design, production and 

clinical experience by Medcraft. With Y 
Accutape 24 you get: 
















O Continuous, 24 hour recording on a 
single cassette which does not have to 


Compact! 
be turned over by the patient. 


N Light weight! 





























O Efficient, body-contour case design, For use Reliable! 
plus overall weight and size reduc- with vour * 
tion for greater patient comfort. present VR N | 
iv CDC 70 ; 
O Integrated circuitry and crystal- ° | 
controlled accuracy for maximum SN 


reliability. 

O Large, easy-to-read, continuous time 
display—no pushing of buttons to 
activate display. 

o Convenient electronic event marker. 


adios E 


-_ 


D i | { Whe a M Medcraft Incorporated 
ME > Box 542 
See us at the —— Medic i ie qe Skippack, Pennsylvania 19474 
AHA meeting in Miami. LUI Phone 215/584-6825 


C21276 Medcraft is a registered trademark of Hittman Corp. 


Holter Recorder 
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! would like to know more about the Medcraft 
Accutape 24 Holter Recorder. 


_] Please send more information. 
-] Have representative call (no obligation). 
J | would like a free demonstration. 


Name 





nstitution 





Address 
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REPORTS ON THERAPY 


Surgical Treatment of Degenerative Mitral Regurgitation 


NEAL W. SALOMON, MD 
EDWARD B. STINSON, MD, FACC* 
RANDALL B. GRIEPP, MD 
NORMAN E. SHUMWAY, MD, FACC 


Stanford, California 


From the Department of Cardiovascular Surgery, 
Stanford University Medical Center, Stanford, 
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Between October 1965 and April 1975, mitral valve replacement wa 
performed in 66 patients with myxomatous degeneration of the mitral valv 
(“floppy valve syndrome"). Operative mortality was 6 percent (four pc 
tients). Current evaluation was obtained for all patients; the averag 
postoperative follow-up interval for surviving patients was 3.5 years (rang 
1 month to 9.9 years); the total duration of postoperative follow-up for à 
patients was 180 patient-years. Overall survival rates, calculated by th 
actuarial method, were 81, 68 and 50 percent, respectively, 1, 2 and 
years after mitral valve replacement. 

Preoperative variables with a significantly adverse effect on patietr 
survival included patient age greater than 50 years, New York Hea 
Association functional class IV, left ventricular end-diastolic pressut 
greater than 12 mm Hg and mean pulmonary arterial wedge pressut 
greater than 16 mm Hg. Support is advanced for the concept that mitr; 
valve dysfunction associated with myxomatous degeneration constitute 
a broad spectrum of clinicopathologic involvement. Acute clinical an 
hemodynamic deterioration may often occur in the setting of chronic mitr. 
valve dysfunction. Postoperative mortality is directly related to preoj 
erative functional disability and hemodynamic evidence of impaired le 
ventricular function. Consideration should be given to earlier operativ 
intervention in patients with myxomatous mitral degeneration and mitr. 
insufficiency before severe and probably irreversible impairment | 
ventricular function occurs. 


Myxomatous degeneration of the mitral valve (“floppy valve syndrome 
is one cause of acquired nonrheumatic mitral regurgitation. Its diagnos 
is based predominantly on gross anatomic and microscopic feature 
although characteristic clinical, echocardiographic and angiocarc 
ographic findings may also accurately identify this lesion.!-6 Usuall 
the valve leaflets and “anulus” appear stretched, redundant and gela 
inous in consistency, and the chordae tendineae are elongated, atte 
uated and often ruptured. Histologic examination of the valve leafle 
shows diffuse infiltration with characteristically staining acellul 
myxomatous tissue, fragmentation of the collagenous cusp fibrosa? ai 
an absence of inflammatory changes. 

The clinical and pathologic findings associated with myxomato 
degeneration of the mitral valve have been described in a few patients.? 
However, long-term survival and evaluation of patients requiring mitt 
valve replacement for myxomatous degeneration have not been wi 
defined. We have therefore analyzed the late postoperative status ai 
the influence of various preoperative variables on the long-term pro 
nosis in 66 patients who underwent replacement of myxomatous miti 
valves at this center during a 10 year period. 
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Patients and Methods 


$ EBetween October 1965 and April 1975 a total of 135 patients 
inderwent mitral valve replacement for pure mitral regurgi- 
ation at Stanford University Medical Center. Patients with 
definitive etiologic diagnosis unrelated to myxomatous 
nitral vafve degeneration were excluded from further con- 
ideration (fos example, rheumatic heart disease, infective 
2 »ndocarditis, trauma, papillary muscle dysfunction or rupture 
econdary to coronary artery disease). The remaining cases 
n which the gross appearance of the mitral valve apparatus 
as determined intraoperatively) presented the characteristic 
Batures of myxomatous mitral valve degeneration described 
ere selected for detailed analysis. Sixty-six patients fulfilled 
criterion. Microscopic examination of operative specimens 
Sm performed in 28 of the 66 cases; in all of these the diagnosis 
f myxomatous degeneration (acid mucopolysaccharide in- 
ltration) was confirmed by special stains (Alcian blue, col- 
oidial iron). Comparison of the groups with and without 
stologic documentation on the basis of clinical character- 
tics and postoperative outcome revealed no significant dif- 
erences in any category. 
_ Assessment of preoperative variables included review of 
inical, radiographic, electrocardiographic and cardiac 
atheterization data; the variables that correlated significantly 
71 h operative outcome are discussed later. The average pa- 
ent age was 58 years (range 11 to 80 years). Forty-eight pa- 
ients were men. According to the 1964 New York Heart As- 
ociation classification of preoperative disability, 18 patients 
vere in class II, 30 in class III and 15 in class IV. Thirty-six 
yatients had sinus rhythm, 27 had atrial fibrillation and 3 had 
ther cardiac arrhythmias. The preoperative interval during 
vhich a systolic murmur was known to be present averaged 
4 years but ranged widely (from 1 month to 50 years). Only 
Lof the 66 patients had a documented mid-systolic click by 
yhonocardiography. 
` The results of preoperative cardiac catheterization in 49 
'atients were as follows: (1) average cardiac index at rest 2.1 
E 0.6 (standard error) liters/min per m?; (2) average mean 
»ulmonary arterial pressure 34.3 + 12.4 mm Hg; (3) average 
»ulmonary arterial wedge pressure 22.6 + 7.6 mm Hg; (4) 
iverage V wave in pulmonary wedge recordings 40 + 15 mm 
dg; and (5) average left ventricular end-diastolic pressure 15.3 
E 5.9 mm Hg. Left ventriculography, performed in 39 patients, 
evealed severe mitral regurgitation (3 or 4 on a scale of 0 to 
D in all. Left ventricular function was classified as good in 34 
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IGURE 1. Five year postoperative (POST-OP) survival rates for all 
atients and for discharged patients only. 
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patients, fair in 4 patients and poor in 1 patient. Coronary 
arteriography was not performed routinely in this series; 
however, only 2 of the 11 patients who underwent this pro- 
cedure had significant occlusive coronary artery disease, and 
both underwent simultaneous aortocoronary saphenous vein 
bypass grafting and mitral valve replacement. 

Operative technique: Standard techniques for cardio- 
pulmonary bypass utilizing either a disc or disposable bub- 
ble-type oxygenator were employed. All operations were 
performed through a median sternotomy. The aorta was 
usually cross-clamped during excision of the valve and 
placement of sutures in the valve “anulus”; during this period 
(average 34 minutes, range 15 to 89 minutes) topical myo- 
cardial hypothermia was induced by continuous cooling with 
saline solution at 3 to 4° C.!! During placement of sutures in 
the valve sewing rim, insertion of the valve and closure of the 
left atrial incision, coronary perfusion was usually reestab- 
lished. Venting of the left ventricle was accomplished with a 
T tube placed through the left atriotomy and across the valve 
until after ventricular defibrillation. There were no attempts 
at primary repair of the valve apparatus (plication, anulo- 
plasty or reattachment of ruptured chordae). Starr-Edwards 
model 6120 valves were used in 38 patients, porcine aortic 
valve xenografts (Hancock) in 20!? and stented aortic valve 
allografts in 8.!? 

Postoperative evaluation: Current follow-up evaluation 
of all discharged patients was obtained by direct contact with 
the patient or his physician, or both. Functional classification 
was assigned according to New York Heart Association criteria 
on the basis of current symptoms. The average follow-up in- 
terval for surviving patients was 3.5 years (range 1 month to 
9.9 years), and the total duration of postoperative follow-up 
analysis for all patients in the study was 180 patient-years. 


Results 


Operative mortality: The overall operative mor- 
tality rate (less than 30 days) was 6.0 percent (four pa- 
tients). One death was due to pulmonary embolism and 
one to cerebral infarction; two deaths were attributed 
to intraoperative technical error. There were no early 
postoperative deaths due to myocardial failure. 

Late postoperative survival: Late postoperative 
survival rates, calculated with the actuarial method,!4 
are shown in Figure 1. The survival rate at 5 years for 
all patients was 50 + 8 percent, and for patients dis- 
charged from the hospital (operative survivors) 53 + 8 
percent. 

Seven of the 21 late postoperative deaths were due to 
congestive heart failure; 5 were sudden and unexplained 
and 3 were caused by documented ventricular ar- 
rhythmias. Four deaths were attributed to a cerebro- 
vascular accident; all four occurred in patients who had 
received a Starr-Edwards valve, but the cause (embo- 
lism) could be determined in only one case. The re- 
maining two deaths were due to myocardial infarction 
and to an accident. No deaths could be related directly 
to hydraulic dysfunction of the valve substitute. In two 
of the five cases of sudden unexplained death, autopsy 
was performed and excluded mechanical valve dys- 
function as a cause of death. 

Valve failure: Valve failure occurred in six patients, 
and reoperation was required in five. The six cases of 
valve failure may be classified into two types: primary 
failure of the prosthesis (four cases), and perivalvular 
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leak (two cases). The first subgroup included three pa- 
tients with progressive dysfunction of a stented allo- 
graft,!? two of whom underwent successful reoperation 
utilizing a porcine xenograft; one patient underwent 
successful replacement of a porcine xenograft involved 
with infective endocarditis. The remaining patient in 
this subgroup had a minimal degree of allograft stenosis 
and regurgitation and was functionally limited (class 
II) when last seen. 

The other two cases of valve failure were considered 
secondary to disruption of sutures in the myxomatous 
mitral “anulus,” resulting in partial valve dehiscence. 
In both cases, reoperation was necessary to close peri- 
valvular leaks. 

Thromboembolism: Systemic thromboembolic ep- 
isodes were diagnosed on the basis of any new postop- 
erative neurologic defect developing suddenly (unless 
proved to be nonembolic) or an embolic occlusion of a 
peripheral artery. Fourteen thromboembolic episodes 
occurred postoperatively in 12 patients, 10 of whom had 
a Starr-Edwards prosthesis. All were receiving warfarin 
sodium at the time of embolization. Two of these pa- 
tients died as a result of cerebral embolism. 

The two remaining patients who sustained a throm- 
boembolic episode had received tissue (allograft) valves. 
One had an immediate postoperative cerebrovascular 
accident after a degenerated calcified allograft valve was 
replaced with a porcine xenograft. Another had a 
transient neurologic defect several years after valve 
replacement with an aortic allograft. No thromboem- 
bolic episodes occurred in the 20 patients undergoing 
mitral valve replacement initially with porcine xeno- 
grafts. 

Correlates of patient survival: Statistical evalua- 
tion of the influence of various preoperative clinical and 
hemodynamic variables on postoperative survival was 
assessed by comparing survival curves after the entire 
group of patients had been dichotomized on the basis 
of a single variable.!? A two-tailed significance level was 
assigned to the P values thus obtained. Variables eval- 
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FIGURE 2. Postoperative (POST-OP) survival: preoperative functional 
class (PRE-OP F.C.) IV compared with preoperative functional classes 
| to Ill (New York Heart Association). 
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uated included age, New York Heart Association 
functional classification, preoperatively documented 
coronary artery disease, previous myocardial infarction, 
cardiac catheterization and angiographic data, roent- 
genographic and echocardiographic data, presence er 
absence of ruptured chordae tendineae and prolapse of 
specific mitral leaflets. ° x 

Significantly adverse correlates of patient survival 
included: (1) patient age greater than 50 years, (2) New 
York Heart Association functional class IV (compared 
with class III or less), (3) left ventricular end-diastolic 
pressure greater than 12 mm Hg and (4) mean pulmo- 
nary arterial wedge pressure greater than 16 mm Hg. 
The highly significant impact of advanced functional 
disability (New York Heart Association clase IV) on 
survival is illustrated in Figure 2, which indicates only 
a 40 + 12 percent survival rate 2 years after operation, 
No significant correlation with survival was found with 
the following variables that might be considered to have 
a potential influence on the results of mitral valve re- 
placement: cardiac index, pulmonary arterial press e 
(mean and systolic), calculated pulmonary vascular: 
resistance, the angiographic grade of mitral regurgita- 
tion, the preoperative duration of a known systolic 
murmur, ruptured chordae tendineae found at opera- 
tion (62 percent of cases), preoperative cardiac rhythm 
or left atrial size by chest roentgenogram. Twenty of the 
66 patients gave a history of dramatic and sudden on 
of symptoms; in 17 of these (85 percent) ruptured 
chordae tendineae were noted at operation. No statis- 
tically significant correlation was found between specific 
mitral leaflet prolapse (anterior, posterior, or both) and 
(a) presence or absence of ruptured chordae tendineae, 
(b) preoperative functional class, (c) left ventricular. 
end-diastolic pressure greater than 12 mm Hg, (d) 
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pulmonary arterial wedge mean pressure greater than 
16 mm Hg, or (e) postoperative survival. 1 
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FIGURE 3. Preoperative (PRE-OP) and postoperative (POST-OP) 
functional classification (New York Heart Association) of the 41 currently 
surviving patients. ; 
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Note the minimal evidence of accompanying inflammation. (Hema- 
joxylin-eosin X 125, reduced by 29 percent.) 
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_ Functional classification: Forty-one of the 66 pa- 
tients in this series are alive, including the 5 patients 
who required repeat mitral valve replacement. The 
current functional status of surviving patients is con- 
trasted with their preoperative functional status in 
"Igure 3. Twenty-nine patients are in functional class 
[11 are in class II and 1 is in class III. 


3 ) Discussion 


Slinicopathologic Features 


i | The surgical treatment of myxomatous degenerative 
yalve disease was first emphasized by Read and his co- 
vorkers.!9.!? Although the mitral valve is almost always 
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nvolved with myxomatous changes, some studies have 
ihown that the proximal aorta and aortic valve may 
xhibit similar changes in addition to, or independent 
of, involvement of the mitral apparatus.’ Despite many 
»bservations regarding clinical, pathologic, echocardi- 
graphic and genetic features!*2° of myxomatous mitral 
cae" ° - . A 
ilve disease, the etiology of this degenerative process 
mains obscure. Microscopic examination character- 
Fr shows fibrous degeneration and replacement 

affected valve tissue with acellular mucoproteina- 
ous (myxomatous) material (Fig. 4). The biochemical 
ture of this excess acellular ground substance has 
een variably classified as chondroitin sulfate C galac- 
( ) amine,? sulfated mucopolysaccharide?! or a pro- 
iein-acid mucopolysaccharide complex.?? It is unknown 
whether accumulation of this abnormal myxomatous 
naterial is due to a biochemical disorder of synthesis 
»r degradation. Furthermore, it is not yet firmly es- 
ablished that the accumulation of abnormal amounts 
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FIGURE 5. Photograph of excised myxomatous mitral valve showing 
redundant and corrugated appearance of the valve leaflets. 





of myxomatous material is a primary event resulting in 
structural weakness of the involved valve apparatus or 
whether the myxomatous change represents a secondary 
response to abnormal mechanical stresses.?? 

Evidence that mitral valve dysfunction associated 
with myxomatous degeneration constitutes a broad 
spectrum of clinicopathologic involvement comes from 
several sources. It seems reasonably well established 
that similar pathologic changes may be present in the 
mitral leaflets of patients with the “click-murmur” 
syndrome, associated with prolapse or “billowing” of 
one or both mitral leaflets.?3-9?? In the majority of such 
patients the functional consequences are relatively 
benign, although there appears to be a related predis- 
position to ventricular arrhythmias,!92? infective en- 
docarditis?.! 7?! and rupture of chordae tendineae.9.17.32 
However, there is substantial evidence that progres- 
sively more serious derangement of mitral valve func- 
tion, with or without rupture of chordae tendineae, may 
occur. For instance, Bittar and Sosa?’ described 14 pa- 
tients with a “billowing” mitral valve and various de- 
grees of mitral regurgitation; 3 patients with severe 
symptoms underwent mitral valve replacement and at 
operation exhibited typical gross features of myxoma- 
tous degeneration that was confirmed by histologic 
examination. Davis et al.!? in a study of five patients 
who underwent mitral valve replacement for anatomi- 
cally and pathologically documented myxomatous de- 
generation of the mitral valve and mitral insufficiency 
confirmed the probable progression of the process. The 
clinical data in our own series support both the chron- 
icity of the “myxomatous mitral valve syndrome" in 
some patients (average duration of a known systolic 
murmur of 14 years) as well as the sudden symptomatic 
deterioration that may occur with the superimposition 
of chordal rupture (17 of 20 patients with acute onset 
of symptoms had chordal rupture at the time of opera- 
tion). 
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Of some interest was the relative frequency of this 
lesion as a cause of pure functional mitral regurgitation. 
During a 9.5 year interval, 66 (49 percent) of 135 pa- 
tients who underwent mitral valve replacement for pure 
mitral regurgitation were diagnosed as having degen- 
erative mitral valve disease on the basis of gross and 
histologic features of the mitral valve tissue. This is a 
somewhat higher incidence rate than that of the only 
other reported large surgically treated series, in which 
Cooley et al.32 documented a 23 percent incidence of 
degenerative mitral disease (50 patients) in patients 
undergoing mitral valve replacement for pure mitral 
regurgitation. 

Relation to mitral valve prolapse syndrome: In 
a comprehensive review of the mitral valve prolapse- 
click-murmur syndrome, Jeresaty? provided substantial 
evidence to implicate myxomatous degeneration as the 
underlying pathologic process. Cases of myxomatous 
degeneration of the mitral valve may represent a con- 
tinuous spectrum of clinical and functional manifesta- 
tions. Cases with isolated mitral valve prolapse (usually 
confined to the posterior mitral leaflet)? or a “click- 
murmur syndrome" represent a mild form of myxo- 
matous degeneration, associated with absent or only 
slight disability. However, those with holosystolic 
murmurs and gross mitral regurgitation represent more 
severe involvement, usually with prolapse of either the 
anterior or both leaflets, as illustrated in our series of 
solely operative cases (Fig. 5). Although it is clear that 
rupture of chordae tendineae may accelerate the func- 
tional consequences of myxomatous mitral valve de- 
generation, our operative experience indicates that re- 
dundancy and prolapse of the mitral leaflets alone may 
be sufficient to produce hemodynamically significant 
regurgitation. Indeed, in our study, although the diag- 
nosis of ruptured chordae tendineae had been made in 
58 of the 66 patients preoperatively, the diagnosis was 
documented at operation in only 41 cases. It therefore 
appears that myxomatous degeneration of the mitral 
valve apparatus can be implicated as a common, though 
not sole, cause of rupture of mitral chordae tendineae 
independent of “spontaneous” rupture of normal or 
rheumatically diseased chordae. 
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Factors Affecting Postoperative Survival a 
Specific operative morbidity related to myxomatous 
anular tissue was noted in two of our patients who ad 
prosthetic valve dehiscence. Similar experiences havı > 

been previously reported.!7:224 The often inadeq m 
fibrous mitral anular support and potential for pros 
thetic valve dehiscence noted in this condition may post 
specific technical considerations at operation. ^ 

The late postoperative survival rates (53 + 8 percent 
5 year survival) in this series illustrate the relatively 
serious nature of this disorder. Although complete data 
regarding long-term postoperative evaluation of pa 5 
tients undergoing mitral valve replacement for either 
pure mitral regurgitation or specifically for myxomatous 
degeneration are not available from other cenfers, th e 
survival rates in our series seem unusually low in com- 
parison with the general experience for isolated mitra 
valve replacement, However, several studies have note 1 
the significantly greater perioperative mortality and 
incidence of impaired ventricular function after mitral 
valve replacement for pure mitral regurgitation a s 
compared with replacement for isolated stenosis or 
mixed functional lesions.?536 Postoperative attrition 
was especially prominent in patients with advanced 
preoperative functional disability and left ventricular 
failure, as evidenced by the statistically significan 
adverse correlates of patient survival. Furthermore, thy 
majority of late deaths were due to congestive hear 
failure or were sudden and unexplained. E 

Although such features are not unique to patients 
undergoing mitral valve replacement for myxomatous ; 
disease they are consistent with the myocardial abnor- 
malities that have been elucidated in this disorder. For 
example, the propensity to both mild and life- threat- 
ening arrhythmias in this condition has been docu- 
mented previously. 1822 These considerations and the 
significantly superior postoperative survival experien e 
and symptomatic responses of patients without severe 
left ventricular failure suggest that consideration should 
be given to performing mitral valve replacement earlier 
in the course of patients with progressive symptoms, 
before severe and probably irreversible impairment of 
ventricular performance has occurred. 
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The hemodynamic effects of nitroglycerin absorbed transcutaneous! 
from an ointment base were determined in 10 patients with chronic ci 
gestive heart failure (9 with ischemic heart disease and 1 with cardi 
myopathy). The response was characterized by a decrease in pulmonar 
capillary wedge pressure from an average of 30 to 19 mm Hg, and an 
crease in cardiac index from 1.7 to 2.2 liters/min per m?, with concomitar 
decreases in systemic and pulmonary vascular resistance and an increas 
in venous capacitance. Mean arterial pressure decreased from 85 to 8 
mm Hg, and heart rate remained unchanged. The hemodynamic effect 
persisted for 3 to 6 hours. These results indicate that nitroglycerin ointmer 
is a hemodynamically potent vasodilating agent with potential value 
the therapy of congestive heart failure. E 

T" 
Drugs that cause dilatation of peripheral vessels have been shown to t 
extremely effective in the therapy of both acute and chronic congestis 
heart failure.!-!? Despite the theoretical advantages of vasodilators wit 
regard to myocardial oxygen supply and demand,!*!? and the substanti: 
hemodynamic improvement the drugs induce, practical problems exi 
in clinical use. Nitroprusside and phentolamine given intravenous] 
require precise invasive hemodynamic monitoring because of their rapi 
and profound cardiovascular actions. Sublingually administered n 
troglycerin and isosorbide dinitrate do not require hemodynamic mor 
itoring, but their duration of action is short.!?.!? Orally administere 
isosorbide dinitrate has a longer duration of action and may be a mor 
practical therapeutic agent.!? 

Nitroglycerin ointment has been demonstrated to produce a austari 
enhancement of exercise capacity for more than 3 hours.!® This stud 
was designed to determine if nitroglycerin ointment might provide. 
beneficial and prolonged hemodynamic effect in patients with chroni 
congestive heart failure. | 

Methods | 

Ten patients, seven male and three female, ranging in age from 52 to 75 year 
were studied in the Cedars-Sinai Medical Center Myocardial Infarction Researc 
Unit. Descriptive clinical data are shown in Table I. All 10 patients had sevel 
congestive heart failure, defined by the symptoms of dyspnea on minim: 
exertion and moderate to severe pulmonary congestion by both radiographi 
and physical criteria. At the time of study all patients had a mean pulmonar 
capillary wedge pressure of more than 23 mm Hg. Nine patients had atherc 
sclerotic heart disease, and one had primary myocardial disease. One patier 
had hemodynamically severe mitral insufficiency. 

All hemodynamic recordings were made with the patient in the supine posi 
tion. Arterial pressure was monitored continuously through a 20 gauge cathete 
inserted into the radial artery. Right atrial, pulmonary arterial and pulmonar 
capillary wedge pressures and cardiac output assessed by thermodilution tech 
nique were recorded with a balloon-tipped flow-directed triple lumen cathe 
ter.17!5 Venous capacitance was measured in six patients by the equilibriur 
method, using a mercury rubber strain gauge and a venous occlusion pressur 
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CO/BSA in liters/min per m? 
SV/BSA in ml/beat per m? 
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* SWI = SVI x (AP — PCP) X 0.144 in gm/beats/m? 
E SVR = 80 (AP — RA)/CO in dynes sec cm-? 

E PVR = 86 (PA — PCP)/CO 

A 


idex; AP = mean arterial pressure; SVR = systemic vascular 
esistance; PVR = pulmonary vascular resistance; PCP = 
nean pulmanasy capillary wedge pressure; PA = mean pul- 
ionary artery pressure; and — mean right atrial pres- 






- Previods medications were discontinued on the day of the 
tudy. After control hemodynamic data were recorded, ni- 
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IGURE 1. Changes in systemic vascular resistance (dynes sec cm~°) 
"d venous capacitance (cc/ 100 cc) after administration of nitroglycerin 
intment. In all patients, systemic vascular resistance decreased (mean 
0 percent) and venous capacitance increased (mean 92 percent). 
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troglycerin ointment (Nitrol®, Kremers-Urban) was applied 
to the upper abdomen. The ointment contains 5 mg of nitro- 
glycerin in each 0.4 inch (12.5 mg per inch). It is supplied in 
tubes and dosage is measured in inches of ointment applied 
to the patient. The dose employed in this study ranged from 
1.5 to 4 inches (18.75 to 50 mg of nitroglycerin). The dose 
chosen was based upon the clinical assessment of the magni- 
tude of congestive heart failure as reflected by physical ex- 
amination and chest X-ray findings plus the initial hemody- 
namic measurements (blood pressure, cardiac index and 
pulmonary capillary wedge pressure). The ointment was 
spread on the skin in a square, whose sides were equal to the 
length of the dose expressed from the tube, and covered with 
applicator paper supplied with the medication. All hemody- 
namic measurements were then repeated at 20 minute inter- 
vals until the peak effect was observed, and then every 30 
minutes until all hemodynamic measurements returned to 
baseline levels. 
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FIGURE 2. Changes in pulmonary capillary wedge pressure (mm Hg) 
and cardiac index (liters/min per m?) after administration of nitroglycerin 
ointment. In all patients pulmonary capillary wedge pressure decreased 
(mean 37 percent) and cardiac index increased (mean 24 percent). 
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ABLE I 

linical Data in 10 Cases 

ase Age (yr) 

o. Sex Diagnosis 

| 75 M CAD (MI X2) 

2 54 F Idiopathic congestive 

m cardiomyopathy 

3 68 M CAD (MI X2), 

E hypertension 

B. 72M CAD (MI x 3), MR 

5 58 M CAD (MI x 2) 

6 74 F CAD (MI X 3) 

7 59 M CAD (MI X 4), 
CABG, aneurys- 

|, mectomy 

8 68 M CAD (MI X2) 

9 65 F CAD (MI X 1) 

o 52M CAD (MI X1), 

E diabetes mellitus 


Previous Therapy Comments 


MR, TR, bilateral 
pleural effusion 


Furosemide, isosorbide 
dinitrate, quinidine 


Digoxin, furosemide, MR, TR, LBBB 
isosorbide dinitrate 

Digoxin, furosemide 

Digoxin, furosemide, Severe MR 


quinidine 
Digoxin, furosemide, 
isosorbide dinitrate 
Digoxin, ethacrinic acid Pleural effusion, 
severe peripheral 
edema 
Furosemide, isosorbide 
dinitrate, quinidine 


Digoxin, furosemide, 
quinidine, Aldomet® 

Digoxin, furosemide Severe peripheral 
edema and ascites 


Digoxin, furosemide 


CABG = postoperative state after coronary artery bypass graft; CAD = coronary artery disease; LBBB = left bundle branch block; MI = myo- 


irdial infarction; MR = mitral regurgitation; TR = tricuspid regurgitation. 
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Results 


For the purpose of analysis, the maximal change in 
hemodynamic variables for each patient was defined as 
occurring at the time of maximal increase in cardiac 
output. The vascular response to nitroglycerin ointment 
(Table II) was characterized by a decrease in systemic 
resistance with an increase in venous capacitance (Fig. 
1). Concomitant with these vascular changes, pulmo- 
nary capillary wedge pressure decreased by an average 
of 37 percent (30 to 19 mm Hg), whereas cardiac index 
increased 24 percent (1.7 to 2.2 liters/min per m?) (Fig. 
2). stroke volume index increased 23 percent and stroke 
work index 27 percent. In Patient 10, the stroke volume 
index did not increase. This patient had unusually low 
initial levels of systemic vascular resistance and mean 
arterial blood pressure. Although the magnitude of the 
hemodynamic responses was variable, the direction of 
these responses was consistent in all patients. 

Hemodynamic changes were first noted 20 minutes 
after application of the ointment. The peak action oc- 
curred 1 to 4 hours after application, and the greatest 
increase in cardiac index for the entire group occurred 
3 hours after application (Fig. 3). The duration of action 
ranged from 3 to 6 hours; it was 4 to 5 hours in five cases. 
In the patient with mitral regurgitation (Patient 4), 
nitroglycerin ointment resulted in a significant increase 
in forward stroke index and a marked reduction in the 


TABLE II 


Hemodynamic Effects of Nitroglycerin Ointment In Congestive Heart Failure 


Pressures (mm Hg) 


Case = = i 
no. HR AP PCW RA 

TSG 74 90 29 7 

N 73 83 23 4 

240 111 90 25 17 

N 98 76 12 9 

35 C 68 92 32 13 

N 67 93 19 7 

| 83 83 31 11 

N 86 70 15 3 

5 € 68 84 24 3 

N 72 83 13 1 

6 C 79 76 30 16 

N 79 84 24 7 

7 C 81 85 45 22 

N 84 77 22 15 

8 C 60 90 25 6 

N 57 76 12 4 

9 C 72 105 31 19 

N 74 97 24 13 

10 C 101 64 28 6 

N 110 66 26 5 

Mean C 79 85 30 12 

N 80 80 19 7 

96 Change *0.496 —696 —37% —4396 
P value NS «0.025 «0.001 « 0.001 
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peak V wave pressure and mean pulmonary capi ary 
wedge pressure (Fig. 4). E 


A 


Discussion P. 


Since the report of the hemodynamic benefits óf 
phentolamine in patients with congestive heart failure,^ 
a variety of drugs with a vasodilator action have been 
shown to be of exceptional clinical efficacy in this con- 
dition. Sodium nitroprusside has been effective in pa- 
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HOURS POST NTG OINTMENT — | 

FIGURE 3. Duration of action of nitroglycerin (NTG) ointment (see text; 
Bars indicate standard errors. C.I. = cardiac index. >. 
3l 
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CI SVI SWI SVR PVR 

1.41 19 22 3482 538 

1.65 23 24 2724 430 

1.47 13 13 2758 255 

1.83 19 20 2157 218 

1.75 26 25 2511 540 

1.97 29 29 2323 499 

1.38 17 16 2522 665 
2.34 27 27 1392 394 
2.28 34 37 1452 233 .02 
2.91 40 51 1150 112 .07 
1.28 16 16 2432 588 É 
1.68 21 26 2373 462 E 
1.45 18 12 1789 437 1.14 
1.89 23 21 1342 346 2.65 
2.29 38 52 1627 251 22 
2.57 45 54 1223 735 5.07 
1.45 20 32 2993 490 1.5 
1.83 25 36 2387 426 323 
2.6 26 14 988 102 4 
2.88 26 15 926 106 p 
1.7 23 24 2255 410 26 
22 28 30 1796 313 49. 
*2496 *2396 +27% —2096 —24% 2: 
«0.001 «0.001 «0.001 «0.001 «0.001 «ot 


AP = mean arterial pressure; C = control state; Cl = cardiac index (liters/min per m?); HR = heart rate (beats/min); N = after administration | 


nitroglycerin ointment; NS = not significant; P = probability; PCW = mean pulmonary capillary wedge pressure; PVR = pulmonary vascular 1 
sistance (dynes sec cm^?); RA = mean right atrial pressure; SVI = stroke volume index (ml/min per m?); SVR = systemic vascular resistan 


(dynes sec cm^5); SWI = stroke work. index (g-m/beat per m°); VC = venous capacitance (cc/100 cc). r 
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f 

IGURE 4. Hemodynamic changes after administration of nitroglycerin 
TG) ointment in a patient with severe mitral regurgitation. CI = cardiac 
dex; PCW = mean pulmonary capillary wedge pressure; PVR = 
ulmonary vastular resistance; SVI = stroke volume index; SVR = 
IStemic vascular resistance; VC = venous capacitance. 
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ents with acute left ventricular failure, acute and 
hronic mitral regurgitation and chronic congestive 
eart failure.” Isosorbide dinitrate administered 
iblingually to patients with chronic congestive heart 
tilure has been shown to increase cardiac output and 
) diminish left ventricular filling pressure.!? Our study 
idicates that the administration of nitroglycerin 
intment to patients with chronic convestive heart 
ülure results in a decrease in left ventricular filling 
ressure and an increase in cardiac output associated 
E a reduction in peripheral vascular resistance and 
1 increase in venous capacitance. 

‘Mechanism of hemodynamic effects: The relative 
fects on the arteriolar and venular beds in the pres- 
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. Cohn JN: Vasodilator therapy for heart failure. The influence of 
grecence on left ventricular performance. Circulation 48:5-8, 
£31973 

« Guiha NH, Cohn JN, Mikulic E, et al: Treatment of refractory heart 
$ failure with infusion of nitroprusside. N Engl J Med 291:587-592, 
1974 

- Franciosa JA, Guiha NH, Limas CJ, et al: Improved left ventricular 
-. function during nitroprusside infusion in acute myocardial infarction. 
_ Lancet 1:650-654, 1972 

* Parmley WW, Chatterjee K, Charuzi Y, et al: Hemodynamic ef- 
- fects of noninvasive systolic unloading and diastolic augmentation 
_ in patients with acute myocardial infarction. Am J Cardiol 33: 
. 819-825, 1974 

. Chatterjee K, Parmley WW, Ganz W, et al: Hemodynamic and 
. metabolic responses to vasodilator therapy in acute myocardial 
_ infarction. Circulation 48:1183—1193, 1973 
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ence of heart failure are probably of critical importance 
in determining the hemodynamic effect of the drug.! In 
heart failure, agents that reduce systemic vascular re- 
sistance decrease afterload and increase ejection frac- 
tion, resulting in an increased stroke volume, whereas 
an isolated increase in venous capacitance decreases 
preload, resulting in a decrease in pulmonary capillary 
wedge pressure and often no change or a decrease in 
stroke volume. Therefore, to have a substantial effect 
on stroke volume, a vasodilator must decrease systemic 
vascular resistance. 

Nitroglycerin has an effect on both preload and af- 
terload.*!-26 Previous studies have demonstrated a 
decrease in regional forearm resistance and total pe- 
ripheral resistance after its administration.2!:22 Gold et 
al.'° observed a decrease in peripheral vascular resis- 
tance and an increase in cardiac output after sublingual 
administration of nitroglycerin to three patients with 
refractory left ventricular failure. Similar results were 
observed by Cohn et al? in one patient with severe 
congestive heart failure. Our study supports these 
previous observations and indicates that nitroglycerin 
ointment has a substantial effect on both peripheral 
vascular resistance and venous capacitance. 

Therapeutic implication: Vasodilating agents may 
be of value in the long-term management of congestive 
heart failure.? For practical use, such agents must have 
both substantial hemodynamic effects and an adequate 
duration of action. Sublingually administered isosorbide 
dinitrate and nitroglycerin have significant hemody- 
namic effects, but their duration of action is short.10.12 
In contrast, both orally administered isosorbide ni- 
trate!’ and percutaneously absorbed nitroglycerin have 
a substantially greater duration of action. These agents, 
therefore, appear to be more practical for long-term 
therapy. On the basis of its hemodynamic effectiveness 
and duration of action, percutaneously absorbed ni- 
troglycerin has potential value in the treatment of 
congestive heart failure due to ischemic heart disease. 
Although our study evaluated only the effects of 
short-term administration of nitroglycerin ointment, 
the results suggest that further clinical trials are indi- 
cated to determine its efficacy in the long-term therapy 
of congestive heart failure. 
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The hemodynamic effects of nitroglycerin ointment were studied in 22 
patients with acute myocardial infarction. Control measurements were 
obtained and observations were made over the ensuing 240 minutes. 
There was no change in heart rate, cardiac index or stroke index. Ninety 
minutes after application of the ointment, peak decrements were evident 
in mean arterial pressure (from 100 to 88 mm Hg) (P <0.001), pulmonary 
capillary wedge pressure (from 19 to 13 mm Hg) (P <0.001), right atrial 
pressure (from 8 to 5 mm Hg) (P <0.001) and heart rate X systolic blood 
pressure (from 1,155 to 1,044 mm Hg/min X 1071) (P <0.02); significant 
changes were still present at 240 minutes. Total peripheral resistance 
decreased maximally from 19.8 to 17.2 units (P «0.02); the transmyo- 
cardial gradient (arterial diastolic — pulmonary capillary wedge pressure) 
did not decrease during the study. 

These data indicate that nitroglycerin ointment improves cardiac 
performance in patients with acute myocardial infarction while reducing 
the determinants of myocardial oxygen consumption and preserving the 
transmyocardial gradient for coronary blood flow. 


Vasodilator therapy in acute myocardial infarction has been the subject 
of intensive recent investigation. This development is in part a result 
of experimental studies indicating that favorable alterations in the de- 
terminants of myocardial oxygen consumption may reduce ischemic 
injury and that reduction in afterload may be associated with improved 
cardiac performance. To date these studies!-7 have involved assessment 
of intravenously administered sodium nitroprusside, trimethaphan, 
phentolamine and intravenously and sublingually administered nitro- 
glycerin. Topical administration of nitroglycerin in ointment form was 
originally suggested as a useful therapeutic measure for angina pectoris? 
and has recently been shown to provide protection against exercise- 
induced angina for up to 3 hours.?:!? Its ease of administration and po- 
tential for sustained action suggested that it might be useful in the 
management of acute myocardial infarction. Accordingly we investigated 


its hemodynamic effects in the early period after acute myocardial in- 
farction. 


Methods 


Case material: Twenty-two patients in the Connell Coronary Care Unit of 
the Kingston General Hospital, Ontario, were studied in the first 24 hours after 
acute myocardial infarction. Nineteen patients were male and three were female; 
the average age was 56 years (range 35 to 70 years). In all patients the infarction 
was confirmed with serial electrocardiographic and serum enzyme determina- 
tions. The site of the infarction was anterior in 15 and inferior in 7. Peak serum 
glutamic oxaloacetic transaminase (SGOT) levels in milli-international units 
per milliliter were 250 or less in 3, between 250 and 500 in 9 and 500 or more in 
10 patients (normal range 10 to 50). Peak creatine phosphokinase (CPK) levels 
in milli-international units per milliliter were 1,000 or less in 7, between 1,000 
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E. 

TABLE I 3 

Summary of Hemodynamic Response to Nitroglycerin Ointment in 22 Cases ! 

HR MAP PCWP RAP CI SI HR X SBP TPR LVSWI TMG | 

C 87:3  100:4 19:1 8*1 26:04  305:18  1155:49  198:13  336*29 *59.2+3¢ 
30' 87-74 97-4 16+ 1 6*1 2.5 + 0.1 29.9 + 2.0 1113 + 59 19.4 + 1.3 32.5 + 3.0 62.4 * 3.' 

60' 8713 91+3 14+ 6:1 2.6 + 0.1 30.6 + 1.6 1070 + 51 18.0+ 1.0 32.1+25 60.2+ 34 

90’ 87+4 88+3 13 5+1 2.6 * 0.1 30.9 + 2.2 1044 + 49 18:04 1.2 ° 319227 58.8 + 26 
120’ 88+4 88+3 1421 11 2.6 + 0.1 31.4 * 2.6 1054 + 45 17,5. € 1.1 32.4 + 3.3 58.1 + 3- 

240' 86-4 88 +3 14 * 1 6*1 2.5 + 0.1 30.8 + 1.9 1030 + 55 17.2 * 1.0 31.5 * 2.8 59.2 + 34 

P values . F3 

C vs. 30' NS NS «0.001 « 0.001 NS NS NS NS NS «0.01 ^ 
C vs. 60' NS «0.001 «0.001 «0.001 NS NS NS «0.02 NS NS x 
C vs. 90' NS <0.001 <0.001 <0.001 NS NS <0.02 <0.02 NS . NS ET 
C vs. 120' NS «0.001 «0.001 « 0.001 NS NS «0.025 «0.05 NS $ NS a 

C vs. 240’ NS <0.001 <0.001 <0.001 NS NS <0.05 <0.02 NS NS 

All values expressed as mean + standard error. | " F 

C = control; CI = cardiac index (liters/min per m?); HR = heart rate (beats/min): HR X SBP = heart rate X systolic blood pressure (mm | g 


min X 10-!); LVSWI = left ventricular stroke work index (g-m/m?); MAP = mean arterial pressure (mm Hg); NS = not significant; P = probe 


bility; PCWP = pulmonary capillary wedge pressure (mm Hg); RAP 


and 2,000 in 6 and 2,000 or more in 9 patients (normal range 
0 to 188). 

The hemodynamic criterion for admission to this study was 
the presence of “hypertension” as defined by a mean arterial 
pressure of 105 mm Hg or more, or a pulmonary capillary 
wedge pressure of 15 mm Hg or more (or both). The criterion 
was not met in Case 2, but this patient was included in the 
study group because the alterations in his hemodynamic 
status were directionally similar to those of the rest of the 
group. 

Hemodynamic measurements: Instrumentation was 
performed after the patients gave informed consent. A 
thermistor Swan-Ganz catheter was passed from an antecu- 
bital vein to the pulmonary artery with electrocardiographic 
and pressure monitoring. A Teflon® cannula was placed in the 
radial artery. Right atrial and pulmonary arterial pressures, 
pulmonary capillary wedge pressure obtained by balloon oc- 
clusion and systemic arterial pressure were monitored and 
cardiac output was measured by the thermal dilution tech- 
nique with injection of 10 ml of ice-cold 5 percent dextrose in 
water into the right atrium. Pressure and output data were 
displayed and recorded on a VR 6 Electronics for Medicine 
recorder, and output curves were computed electronically on 
an Edwards’ cardiac output computer. 

` Derived calculations were performed using the formulas: 
SV = CO/HR; TPR = (MAP — RA)/CO; HR x SBP; TMG 
= ART, — PCW, where SV = stroke volume in ml/beat, RA 
= right atrial pressure in mm Hg, CO = cardiac output in li- 
ters/min, HR = heart rate in beats/min, TPR = total pe- 
ripheral resistance in units, MAP = mean arterial pressure 
in mm Hg, HR X SBP = heart rate X systolic blood pressure 
in mm Hg/min X 10-71, TMG = transmyocardial gradient in 
mm Hg obtained by subtracting the pulmonary capillary 
wedge pressure from the arterial diastolic pressure. Statistical 
analysis was performed using Student's t test. 

Protocol: No patient received cardiotonic agents during 
the study period, but two patients were receiving an infusion 
of lidocaine at a constant rate. Observations were made during 
a control period of 15 to 20 minutes during which the cardiac 
output was determined at least in duplicate. Nitroglycerin 
ointment, 2 percent (Nitrol, Kremers-Urban Company, 
Milwaukee, Wisc.) was then applied in a dose of 0.5 to 1.5 
inches (1.27 to 3.81 cm) over a 6 by 6 inch (15.24 cm?) area on 
the flank or chest. The ointment was covered with plastic wrap 


= right atrial pressure (mm Hg); SI = stroke index (ml/beat per m?); TMG 
transmyocardial gradient (mm Hg); TPR = total peripheral resistance (units). E 


a 
| 


and the edges secured with paper tape. A 1 inch (2.54 cm 
ribbon extruded from the manufacturer's tube contains 124 
mg of nitroglycerin. AS 
Complete hemodynamic data were obtained 30, 60, 90, 12 
and 240 minutes after the application of nitroglycerin oin 
ment. Observations made in 12 patients 15 minutes after ap 
plication of the ointment revealed an effect on dynamics i 
4 patients. In six patients additional observations were mad 
300 minutes after the application of ointment, and in on 
patient (Case 20) observations were made at 380 minutes. | 
10 patients data were also obtained 30 to 60 minutes af 
removal of the ointment. ; 





Results 


d 
Hemodynamic effects: The hemodynamic data a 
summarized in Table I. Table II shows for each patien 
the changes in arterial pressure, pulmonary capillar 
wedge pressure and cardiac index before and after aj 
plication of the ointment. Because the peak effect ox 
curred between 60 and 90 minutes and the duration ¢ 
action was sustained through 240 minutes, the dat 
obtained 30 and 180 minutes after application ai 
omitted. The dose of nitroglycerin ointment applied 
each patient is also indicated in Table II; this dose we 
to some extent selected empirically. The one patier 
(Case 18) who received 0.5 inch of ointment had i 
viously been receiving nitroglycerin intravenously iI 
had had a favorable nemodynamic response with th 
small dose of 15 ug/min. The importance of dose sele 
tion is also illustrated by Case 7. This patient had (aft 
initial study at a dose of 1 inch [2.54 cm] documente 
in Table II) a second study at a smaller dose of 0.75 in 
and was followed up for 90 minutes. The latter stuc 
indicated a reduction in pulmonary capillary wed; 
pressure from 23 to 15 mm Hg and in mean arteri 
pressure from 110 to 95 mm Hg without the decrease: 
cardiac index observed during the initial study. Sim 
larly, Patient 10, whose response to nitroglycerin oin 
ment was the smallest in the group, responded to ii 
travenous administration of nitroglycerin at a rate | 
59 ug/min with a reduction in pulmonary capilla 


i 
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wedge pressure to 19 mm Hg without significant change 
in mean arterial pressure or cardiac index. 

Table II also demonstrates persistence of effect 
through 300 minutes in six patients and through 380 
minutes in a seventh patient (Case 20). The data ob- 
tained after removal of the ointment indicate a return 
toward control values. 

Figure 1 displays the changes observed in the hemo- 
dynamic measurements in the total group. No change 
was seen in heart rate throughout the study, and mean 
arterial pressure decreased gradually from 100 to a 
minimum of 88 mm Hg at 90 minutes and remained at 
that level. A similar change was evident in pulmonary 
capillary wedge pressure, which decreased maximally 
at 90 minutes from 19 to 13 mm Hg and thereafter 
began to increase gradually. Right atrial pressure de- 
creased gradually from 8 to a minimum of 5 mm Hg at 
90 minutes and returned to 6 mm Hg by 240 minutes. 
No change was evident in cardiac index, stroke index 
or stroke work index. Heart rate-systolic blood pressure 
product decreased significantly at 90 minutes and re- 
mained at this level throughout the balance of the study. 
Total peripheral resistance decreased significantly at 
60 minutes and remained reduced throughout the study. 
Transmyocardial gradient increased significantly at 30 
minutes, but decreased to control level at 60 minutes 
and remained at this level throughout the study. This 
change reflects the fact that approximately 50 percent 
of the overall reduction in pulmonary capillary wedge 
pressure had occurred 30 minutes after application 


MAP MM Hg HR bpm 


PCW MM Hg 


FIGURE 1. Changes in heart rate 
(HR), mean arterial pressure (MAP), 
pulmonary capillary wedge pres- 
sure (PCW), right atrial pressure 
(RAP) and cardiac index (Cl) before 
and 30 to 240 minutes after appli- 
cation of nitroglycerin ointment. The 
plotted points represent mean 
values + standard error for 22 pa- 
tients. Points marked with an as- 
terisk indicate a statistically signif- 
icant change from the control (C;) 
value. bpm = beats per minute. 


RAP MM Hg 


Cl MM Hg 


SPO ra Dare oe 


=z EF a= = 
roe ite bees! DANTUR ID ee Tae ee AST >see P = = — 





Miu Lo FE - 


: 15 e eti - FUR py ov MT 5x = h "num T 
'NITROGLYCERIN OINTMENT IN MYOCARDIAL INFARCTION—ARMSTRONG ET AL 


z 
whereas at this time only a small reduction in mear 
arterial pressure was observed. E 

Untoward effects: Three studies had to be ter ni: 
nated prematurely. In Case 4 the patient had hypo: 
tension 55 minutes after the application of 1.5 inches 
of ointment and the study was terminated with eleva: 
tion of the legs and removal of the ointment. Blood 
pressure was rapidly restored to normal and the stud} 
was repeated 12 hours later with 50 percent of the 
original dose. The initial dose in this case was the largesi 
used in the study group and this patient was one of thé 
first to be studied. Subsequently a dose of 0.75 or 1 in 
was used initially; the larger dose was generally used ir 
patients with greater elevation of either mean arteria 
pressure or pulmonary capillary wedge pressure. In Cas 
6 the study was terminated because of hypotension aS: 
sociated with weakness 90 minutes after application oi 
the ointment (blood pressure reduced to 75/40 mm Hg) 
In Case 17 the study was terminated when the patient 
who was receiving lidocaine therapy for ventricula 
arrhythmias during the study, required supplementa 
procainamide therapy after the 90 minute observations 
Although the mean arterial pressure of Patient 8 de 
creased from 69 to 60 mm Hg, there were no symptom 
of ischemia or poor peripheral perfusion, and the carc à 
output was preserved at a lower level of pulmonar} 
capillary wedge pressure. i 

Discussion 

Vasodilator therapy has been shown to affect fav 

ably the immediate clinical and hemodynamic sta 
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f patients with acute myocardial infarction. There is 
so recent evidence to suggest that such interventions 
nay reduce the extent of ischemic injury.3 Most studies 
date have employed either nitroprusside or nitro- 
lycerin although other agents have been utilized. A 
previous study® of nitroprusside and intravenously 
dministered* nitroglycerin in patients with acute 
nyocardial infarction indicated that nitroglycerin leads 
a greater reduction in pulmonary capillary wedge 
ressure than does nitroprusside, presumably because 
t has a greater pooling effect on the venous capacitance 
essels. The nitroglycerin administered during that 
tudy required time-consuming preparation, including 
entrifugation, decanting and refrigeration. The ready 
vailability, ease of administration and apparent sus- 


2", 


ained action of nitroglycerin ointment suggested to us 


ing 
a 


hat this mode of therapy might be useful in the man- 


| 
j 


gement of patients with complicated acute myocardial 
afarction. If the frequency of infarct extension is as 
reat as recently suggested,!! then it may be desirable 
© utilize therapeutic measures designed to protect 
schemic tissue for a more prolonged period of time. 

Mechanism of beneficial effects of nitroglycerin: 
inalysis of the changes in our group of patients suggests 
hat nitroglycerin ointment exerts a favorable influence 
myocardial oxygen consumption by virtue of the 
eductions in pulmonary capillary wedge pressure and 
ight atrial pressure, which are probably secondary to 
eripheral venous pooling. Additionally, the decrease 
s mean arterial pressure suggests a reduction in ven- 
ricular afterload. The reduction in heart rate-systolic 
lood pressure product further suggests a reduction in 
1yocardial oxygen consumption. Preservation of the 
ransmyocardial gradient despite the decrease in sys- 
emic pressure indicates that coronary perfusion pres- 
ure was maintained. The preservation of stroke index 
1 the face of reductions in pulmonary capillary wedge 
nd mean arterial pressures indicates improved ven- 
ticular performance. Although this effect may have 
een mediated by a positive inotropic effect of nitro- 
lycerin, this possibility seems unlikely. Whatever the 
ause of the improved performance, the data suggest 
hat myocardial oxygen consumption was either di- 
inished or unchanged and that myocardial efficiency 


ty 
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was therefore increased. Because the patients in our 
study had an average pulmonary capillary wedge pres- 
sure of 19 mm Hg, caution must be exercised in ex- 
trapolating these results to patients with normal or re- 
duced left ventricular filling pressure. It is of note that 
the initial study in our Patient 4, who had a pulmonary 
capillary wedge pressure of 12 mm Hg, was terminated 
because of symptomatic hypotension. 

Route of nitroglycerin administration: Although 
sublingually administered nitroglycerin has been used 
by some investigators, it produces a bolus effect and also 
has a short duration of action.7:!2 The problems of in- 
travenous administration of nitroglycerin have pre- 
viously been discussed. Nitroglycerin ointment applied 
topically provides a relatively safe and effective form 
of vasodilator therapy with a longer duration of action 
than that of other nitrate preparations. Furthermore, 
it permits retrieval of a portion of the dose should un- 
toward side effects occur. The best mode of adminis- 
tration of nitroglycerin ointment remains speculative 
because the rate of absorption will be affected by the 
area of application, the cutaneous blood flow at the site 
of administration, the rate of evaporation and the dose. 
Without accompanying blood level measurements, 
proper evaluation of these factors is difficult. These 
measurements have been limited by technical problems 
involved in obtaining a reliable blood level estimate of 
the nitrates. 

Clinical implication: Our study has demonstrated 
that nitroglycerin ointment applied in patients with 
acute myocardial infarction can produce significant 
improvement in left ventricular function and reduction 
in the determinants of myocardial oxygen consumption. 
Such use requires careful hemodynamic monitoring. 
The ultimate role of this type of therapy requires fur- 
ther study and, in particular, an evaluation of its effects: 
on direct measurements of myocardial oxygen con- 
sumption, myocardial injury and prognosis. 
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Unstable angina is an important symptom of coronary artery disease. Two 
general clinical presentations may occur: (1) stable angina with a re ent 
increase in severity or angina of recent onset, or (2) acute coronary ir a 
sufficiency or angina at rest with chest pain resembling that of acute in- 
farction. The risk of death or infarction is greater in patients who have 
recurrent chest pain and ST-T wave abnormalities despite hospita 
treatment. In patients without electrocardiographic or serum enzyme 
evidence of a completed infarct, coronary arteriography and bypass gré i 
surgery can be performed with an acceptably low mortality rate. Sugea 
treatment provides better symptomatic relief than medical manageme ] 
in many patients, but the significant incidence of perioperative infarction 
makes it difficult to determine if surgery prevents infarction. Some studies 
indicate that surgery improves survival in subgroups, but data from large 
scale randomized studies will be needed to answer this question securely. 
Patients with disease of the left main coronary artery should probably v» 
surgical treatment. 3 
Medical treatment will relieve symptoms in most patients with unstable 
angina and on a long-term basis may obviate the need for surgery. A 
preliminary period of intensive medical treatment before surgery may be 
advantageous since there is little evidence that survival rates are improvec 
by treating unstable angina as an acute surgical emergency. : 


1 


^ 
Operative treatment of unstable angina continues to be widely appliec 
as evidenced by reports of the results of surgery from many medica 
centers. These contributions have clearly demonstrated that coronar} 
arteriography and vein bypass surgery performed in patients with un 
stable angina have an acceptably low mortality rate and can providi 
substantial relief of symptoms. Although surgery may prevent lati 
myocardial infarction, the incidence of perioperative infarction is suf 
ficiently great to offset this advantage. Whether surgery improves Sur 
vival rates can best be assessed with data from large scale randomizet 
studies due during the next 5 years. In the meantime one must examin 
critical problems in the evaluation of treatment methods for unstabl 
angina with particular reference to published data and the limits o 
present knowledge. A 


Definition of the Syndrome of Unstable Angina 


Most workers agree that unstable angina consists of the followin) 
general clinical presentations: 

Type I, angina pectoris: (1) Stable angina with a recent spontaneou 
increase in severity. (2) Angina of recent onset with progressive increas 
in severity. 

Type II, angina at rest or acute coronary insufficiency: Patient 
in this category have recurrent episodes of prolonged pain at rest lastin 
at least 15 minutes. Their pain differs from that of ordinary angina b 
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ts occurrence at rest, its longer duration, its poor relief 
vith nitrates and its frequent association with other 
iymptoms such as sweating, pallor, dyspnea or weak- 
ess. The pain may be relieved only by opiates. This 
yresentation is the sole complaint i in about 20 percent 
of patients with unstable angina. Type I angina may 
»rogress to type II angina at rest as the patient's 
iymptoms become more severe. 

- In addition to the symptoms described, the classifi- 
ation of unstable angina requires the demonstration 
if objective evidence of coronary disease or myocardial 
schemia and the exclusion of recent, completed myo- 
ardial infarction. 

)bjective Criteria of Coronary Disease 


- Three general objective criteria for the presence of 
oronary disease or ischemia may be used: 
i _Electrocardiographic evidence of a prior healed 
E infarct: This should not be an exclusive 
riterion. The object of treatment is to prevent infarc- 
ion and preserve myocardial function; hence, it is 
qually important to identify the patient with unstable 
ngina who has not had a prior infarct. About 20 to 60 
ercent of patients with unstable angina have electro- 
ardiographic evidence of a prior infarct.!-? 
"Transient ST-T wave changes or cardiac ar- 
hythmias during chest pain: Electrocardiographic 
indings consist of T wave inversion, S- T segment de- 
ression, S-T elevation and, occasionally, sinus brady- 
ardia when inferior wall ischemia is present. Such 
hanges usually occur during pain but may also be 
resent in the absence of pain as revealed by continuous 
Yonitoring." This is a reliable criterion of coronary 
isease but many patients with unstable angina may 
ecome pain-free soon after hospital admission and may 
ot exhibit electrocardiographic changes. 

Stress testing: In patients with unstable angina and 
‘normal electrocardiogram who do not exhibit chest 
iain or ST-T changes in the hospital, treadmill testing 
fter 4 to 14 days of medical treatment may be useful 
| detecting myocardial ischemia. This method has 
imitations. The danger of stress testing during unstable 
ngina has not been systematically evaluated. Patients 
vith severe coronary disease may have a negative stress 
est. 
t Employment of these objective criteria will identify 
-group of patients with a high probability (approxi- 
nately 95 percent) of having an abnormal coronary 
rteriogram.ë If symptoms alone are used for selection, 
he incidence rate of abnormal coronary arteriograms 
aay be lower because the study group may include pa- 
ients with noncoronary pain simulating angina, such 
s patients with acute pericarditis, anxiety neurosis with 
iyperventilation or cardiomyopathy.? 


*xclusion of Acute Completed Myocardial Infarction 


- This is an important criterion for the diagnosis of 
instable angina because surgery in the presence of an 
icute infarct has a high operative mortality rate and has 
10t been shown by acceptable studies to be beneficial. 
[n addition, the medical treatment of unstable angina 
s different from that of recent myocardial infarction. 
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Serial electrocardiograms and serum enzyme deter- 
minations will usually be sufficient to exclude acute 
infarction but sources of error should be mentioned. 
Nontransmural, intramyocardial or subendocardial 
infarction may occur without the appearance of new Q 
waves. A new infarct in the area of a healed infarct may 
not be detected if Q waves of the prior infarct are 
present. Serial serum enzyme determinations will be 
helpful in patients with this condition, but if the in- 
farction is “subacute” (progressing gradually over sev- 
eral days with slow release of enzymes), persistent di- 
agnostic serum enzyme elevations may not occur. In 
addition, many patients with unstable angina, a normal 
electrocardiogram and only transient reversible elec- 
trocardiographic changes may exhibit transient eleva- 
tion of serum enzymes to as much as twice the upper - 
limit of normal without evidence of significant infarc- 
tion. This observation was made several years ago by 
Resnick? and was recently confirmed by studies in the 
Palo Alto Veterans Administration Hospital. Such 
enzyme elevations probably represent scattered areas 
of focal, intramural or subendocardial necrosis secon- 
dary to severe ischemia and their presence does not 
contraindicate surgical intervention. 


Incidence of Unstable Angina 


It is now generally accepted that a substantial num- 
ber of patients with an acute myocardial infarction have 
premonitory symptoms for days or weeks preceding the 
infarction. Solomon et al.’ reported that 65 percent of 
patients with acute infarction experienced suggestive 
premonitory symptoms 1 to 60 days before infarction. 
Chest pain compatible with angina or ischemia was 
noted in 90 percent of patients with prodromata. If such 
patients can be identified before the occurrence of an 
acute infarction and prompt surgical treatment is ap- 
plied, it is logical to assume that infarction and death 
may be prevented. Because the study of Solomon et al. 
was a retrospective evaluation it is not known how many 
patients with similar symptoms did not have a myo- 
cardial infarct or die suddenly. Most of the patients in 
that study did not consider their symptoms sufficiently 
severe to consult a physician. For these reasons, the true 
incidence of unstable angina in our population is not 
clearly known. 


Assessment of Mortality in Unstable Angina 


'The ability to identify patients with unstable angina 
who are at unusually high risk of death or infarction 
would be important. Several features of such patients 
have been described: 

Electrocardiographic evidence of infarction or 
ischemia: Electrocardiographic evidence of prior in- 
farction is not a significant risk factor in either unstable 
or stable angina.9?-!? Resting S-T segment depression 
or resting T wave abnormalities are associated with a 
poor prognosis in stable angina.!? 

Persistence of chest pain despite medical treat- 
ment in the hospital: Gazes et al.? and Krauss et al.!! 
have shown that patients with persisting chest pain have 








TABLE ! 
Clinical Features: Unstable Versus Stable Angina* 
Unstable Stable 
Angina Angina 
Patients (no.) 52 70 
Mean age (yr) 53.0 52.2 
Prior infarct (by ECG) (96) 34 60 
Hypertension (history) (96) 32 31 
Hypertension (DBP > 89 mm Hg) (96) 44 37 
Serum cholesterol >249 mg/100 mi (96) 40 38 
3 vessel disease (96) 53 69 
1 vessel disease (%) 2 10 


LV contraction abnormalities (96) 70 77 





*Clinical preoperative characteristics of 52 patients treated sur- 
gically for unstable angina are compared with baseline data of 70 pa- 
tients with stable angina treated medically. Al! patients in both 
groups had coronary arteriography and all were suitable for bypass 
araft surgery. 

DBP = diastolic blood pressure; ECG = electrocardiogram; LV 
left ventricular. 


a substantially higher subsequent mortality rate than 
that of patients whose pain is promptly relieved by 
hospital treatment. 

Features of electrocardiographic changes during 
pain: Patients with S-T segment elevation during pain 
do not appear to have different coronary arteriographic 
findings from those of patients who have other ST-T 
wave changes during pain. In addition, transient S-T 
segment elevation does not appear to carry a greater risk 
of death or infarction.!? 

Acute coronary insufficiency: It appears that pa- 
tients presenting with acute coronary insufficiency (type 
II unstable angina) are at greater risk of infarction or 
death than those who present with angina alone (type 
I), but further studies are necessary to evaluate this 
finding.!? 

Ventricular arrhythmias: If continuous monitoring 
is used about 80 percent of patients with unstable an- 
gina are noted to have ventricular arrhythmias, con- 
sisting usually of ventricular premature beats. Patients 
with salvos of ventricular tachycardia, sustained ven- 
tricular tachycardia or ventricular fibrillation are 
probably at high risk but the incidence rate of such ar- 
rhythmias in unstable angina is not high (2 to 5 per- 
cent). 

Other risk factors predicting poor survival: In 
studies of stable angina? the number of arteries in- 
volved, hypertension, congestive heart failure, abnormal 
hemodynamics and left ventricular asynergy were as- 
sociated with poor survival in medically treated pa- 
tients. Other studies!^ have shown that cardiac en- 
largement is a major risk factor. The variables are 
probably also important predictive factors in unstable 
angina. 

Noninvasive methods of assessment: Assessment 
of risk in unstable angina using noninvasive methods 
would permit more precise selection of patients for 
coronary arteriography and surgery. Heart size is an 
important factor in assessing survival in stable angina; 
therefore, it is important to refine present noninvasive 
methods of evaluating heart size and ventricular volume 
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TABLE Il 3 

Follow-up Data on 136 Patients Treated Medically for — 

Stable or Unstable Angina A 

p: 

Angina . J 

Unstable , Stable y 

Patients (no.) 66 70 3 

Mean age (yr) 52 52 LA 

Prior infarct (by ECG) (96) 56 60 [ 

Follow-up time (mo) 18 18 y 

Total infarct (%) 15 7 h 

Total mortality rate (cardiac) (96) 15 15.7. 73 

No angina (96) Bb ae Ce " 

Severe angina (96) 39 34 a 

Late hospital entry (%) 39 17 

Late operation (%) 10 11.4 


ECG = electrocardiogram. 
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with roentgenographic methods (heart volume), echo- 
cardiography (hypertrophy-diastolic dimensions- left 
atrial size) and isotope angiography (ventricular volume; 
ejection fraction, aneurysm). Data from large sca le 

randomized studies will provide further information on 
identifying patients at great risk.!^ y 

Does unstable angina differ from stable ang ina 
in terms of prognosis? Most studies have indicate d 
that unstable angina is associated with a greater risk of 
infarction and death than stable angina but the diffels r> 
ence is not striking. In the Myocardial Infarction Re- 
search Unit (MIRU) study of unstable angina, medically 
treated patients had a mortality rate of 7.7, percent a 
1 year.!? In the Veterans Administration Cooperatiti 
Study the overall mortality of medically treated patients 
with stable angina was 8 percent at 1 year.'4 At the Palo 
Alto Veterans Administration Hospital data in 66 pa- 
tients with unstable angina and 70 patients with stable 
angina were compared after 1 year of medical treat- 
ment.! Table I indicates that both groups were similar 
in regard to several clinical descriptors. Table II indi- 
cates that the principal difference between the t» 
groups was a higher incidence rate of nonfatal infarets 
in the group with unstable angina (24 percent versus 7 
percent). There was no difference in mortality. Similar 
data are available from the MIRU study where the i in- 
cidence of nonfatal myocardial infarcts in patients with 
unstable angina was 15 percent in 7 months. 

Why do many reports of the prognosis of medically 
treated unstable angina indicate a higher 1 year m 
tality rate than was observed in the MIRU study or the 
Palo Alto Veterans Administration Study? Differences 
in patient population and selection, diagnostic criteria, 
time of death and follow-up evaluation are important 
factors. All patients in the MIRU and Palo Alto studies 
were selected by the carefully defined diagnostic criteria 
outlined in this review. Patients who were not suitable 
for surgical intervention were excluded as were those 
who died in the first 4 days after hospital admission. 
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Evaluation of Risk by Angiography á 


A 


Coronary arteriography and left ventricular angiog- 
raphy provide the most important information re- 
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garding prognosis in medically treated patients with 
stable angina. Important factors are: (1) number of 
diseased coronary vessels, (2) presence of left main 
coronary lesions, (3) contraction abnormalities, (4) 
ejection fraction, and (5) left ventricular end-diastolic 
pressure. Angiographic features associated with a poor 
prognosis in'stable angina are likely to be associated 
with a poor prognosis in unstable angina, but it is not 
practical to perform angiography in all patients with 
L nstable angina. For this reason, noninvasive methods 
of identifying patients at high risk who should be 
studied by arteriography will continue to be impor- 
tant. 

_ Risk of coronary arteriography and surgery: 
Earlier studies reported substantially higher mortality 
re ates for arteriography and surgery in patients with 
unstable angina. The risk of death has now been sub- 
tantially reduced and appears to be no greater than 
that of patients with stable angina. At the Palo Alto 
Veterans Administration Hospital, 74 patients with 
unstable angina underwent arteriography with no 
mortality and one nonfatal infarct.! Among 60 patients 
who underwent bypass graft surgery, there were two 
operative deaths (3.3 percent). Death occurring within 
24 hours of arteriography or 30 days of surgery should 
be classified as a complication of these procedures. 


Perioperative Myocardial Infarction 


. Incidence: The incidence of perioperative infarction 
s similar in patients with stable and unstable angina. 
In the MIRU study perioperative infarction occurred 
ir 9 of 65 (14 percent) of patients!^; in the Palo Alto 
Veterans Administration study it occurred in 15 percent 
of 52 patients with unstable angina and in 14 percent 
of 113 patients with stable angina. A similar incidence 
of perioperative infarction in patients with unstable 
angina has been reported by others.2:3:16.17 
_ Because a principal reason for surgical intervention 
is the prevention of infarction, it is disturbing that 
surgery is so frequently accompanied by infarction. 
Perioperative infarction results in a 1 year incidence 
rate of infarction that is higher or equal to the incidence 
rate in medically treated patients. In the MIRU study 
she surgical group (65 patients) had a total of 9 infarcts 
in 7 months (14 percent), of which 9 were perioperative; 
he medical group (73 patients) had 11 infarcts (15 
en In the Palo Alto Veterans Administration 
tudy there were 8 infarcts (all perioperative) in 52 
surgical patients (15 percent) compared with 10 infarcts 
n the 66 medical patients (15 percent). Longer follow- 
ap studies are needed to determine if the incidence of 
late infarction is smaller in surgically than in medically 
reated patients. 
_ Clinical significance: It might be argued that 
erioperative infarction is more benign than the usual 
slinical infarction and therefore, should not be included 
n follow-up statistics. However, several features of 
perioperative infarction indicate that this is not a benign 
'omplication f surgery: 
. 1. Perioperative infarction is an important cause of oper- 
itive death, and analysis of deaths after coronary surgery in- 
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dicate that evidence of recent infarction is present in about 
75 percent of cases.!6!7 Assad-Morell et al.!8 reported that 
perioperative infarction was the cause of 10 of 16 operative 
deaths in a consecutive series of 500 vein bypass graft opera- 
tions. Thus, if the incidence of perioperative infarction in a 
given surgical center is 12 percent and the operative mortality 
rate is 6 percent and if half of the deaths are due to operative 
infarction, then the mortality rate of perioperative infarction 
in that hospital is 25 percent. 

2. Perioperative infarction is associated with late left 
ventricular contraction abnormalities that are similar to those 
observed in nonoperative infarction.!9 

3. The incidence of perioperative infarction is probably 
greater than is usually reported: Most reports use electro- 
cardiographic evidence of new Q waves or QRS abnormalities 
as evidence of perioperative infarction. Such criteria detect 
only transmural infarcts. If one uses the criteria of persisting 
ST-T abnormalities plus serum enzyme abnormalities to de- 
tect nontransmural infarction the incidence of perioperative 
infarction will be greater.?9 


Is Unstable Angina an Acute Surgical 
Emergency? 


Several workers consider unstable angina an acute 
emergency requiring prompt arteriography and surgical 
intervention to obtain an optimal therapeutic result. 
There are no convincing data to support this view. It 
might be expected that some patients will die within 2 
to 4 days of hospital entry and that early surgery will 
prevent death or infarction. Studies of unstable angina 
reveal a small number of early hospital deaths and in- 
farction. In the study of Gazes et al.,? 2 of 54 patients at 
high risk died within 72 hours after admission. In the 
MIRU study 2 of 73 medically treated patients died in 
the hospital.!? In the Palo Alto Veterans Administration 
study 1 of 66 patients died within 4 days of admission.! 
Other workers!! have reported similar data. An im- 
portant hazard of prompt arteriography and surgical 
intervention is the possibility of operating on patients 
in the early stage of transmural myocardial infarction. 
In such patients the operative mortality is great and 
there is no evidence that the amount of infarcted myo- 
cardium is decreased by surgery?! Thus, the possible 
small advantage gained by early surgery may be offset 
by the greater risk associated with surgery in patients 
with undetected early infarction. It is possible that 
surgical intervention may be more effective and asso- 
ciated with a smaller incidence of perioperative in- 
farction if it is preceded by a period of medical treat- 
ment for 1 to 4 weeks, especially if intensive medical 
therapy is used.???? Unfortunately, results of systematic 
studies of delayed semi-elective surgery in unstable 
angina have not been reported and this procedure is not 
being evaluated in current protocols. 


Evaluation of Surgical Versus Medical Treatment 
of Unstable Angina 


From an analysis of available reports and on the basis 
of experience with large scale prospective studies several 
problems are evident in data collection and evaluation 
of surgical versus medical management of unstable 
angina. 


" 


1. The clinical syndrome must be clearly defined, and ob- 
jective methods of confirming the presence of myocardial 
ischemia must be used. 

2. Acute completed myocardial infarction must be excluded 
by appropriate methods. 

3. Subgroups of patients who might be expected to be at 
great or small risk of death or infarction should be defined. 

4. A2to4 day observation period in the coronary care unit 
is necessary to confirm the diagnosis, exclude infarction, ob- 
tain the patient's cooperation and informed consent and ar- 
range for coronary arteriography and surgery. 

5. For accurate data analysis the starting time for obser- 
vations of mortality and morbidity should be predetermined 
and should be the same for surgical and medical treatment 
groups if a comparative study is being carried out. Several 
studies have used a starting time of 4 to 5 days after hospital 
entry. Unless this is done a statistical bias in favor of surgery 
may occur. For example, if a patient dies 3 days after entry to 
the coronary care unit while receiving medical therapy, this 
death should not be included in the study statistics since the 
patient died before arteriography and surgery could have been 
performed. 

6. It is highly desirable to perform coronary arteriography 
and left ventricular angiography in all patients even if all 
patients are not going to receive surgical treatment. Coronary 
arteriography and angiography are the most reliable methods 
of assessing prognosis and, without this information, one 
cannot be certain that both groups are similar. 

7. Left main coronary arterial stenosis is now recognized 
as a serious lesion with a poor prognosis and one in which 
surgical management is preferable to medical treatment.” In 
unstable angina 8 to 12 percent of patients will have left main 
coronary lesions. 'These observations provide a justification 
for coronary arteriography in all patients with unstable angina 
in any comparative study and a justification for surgery in 
patients with such lesions. 

8. Treatment failures: Patients with unstable angina re- 
ceiving optimal medical treatment may have progression of 
their symptoms. There is increasing evidence that surgical 
treatment in both stable and unstable angina relieves symp- 
toms more effectively than medical treatment alone. Thus the 
physician faces an ethical problem: At what point should one 
abandon medical treatment and advise surgical intervention? 
In comparative studies treatment failures should be carefully 
defined so that a systematic policy is followed. 


Evaluation of Results of Treatment Methods 


In addition to assessing the objective end points of 
cardiac death and nonfatal infarction, one must evalu- 
ate the “quality of life" since most studies indicate that 
this aspect of unstable angina is improved more effec- 
tively by surgical than by medical treatment. General 
assessment by the patient as to whether angina is de- 
creased, unchanged or worse is difficult to evaluate 
because of the placebo effect of surgery. The New York 
Heart Association functional classification is not suit- 
able for the evaluation of angina. A simple questionnaire 
or assessment form has been developed for evaluating 
stable angina and has been modified for patients with 
Deine angina.” The following factors are evalu- 
ated: 


1. Severity or frequency of symptoms and amount of effort 
required to produce symptoms. 
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2. Amount of medication taken daily to relieve angina in- 
cluding nitrates and propanolol. | 
3. General level of daily physical activity (sedentary, light, 
moderate or heavy work). Ñ 
Factors 1 and 2 clearly affect the severity. and fre- 
quency of anginal attacks. Since many patients with 
unstable angina may have minimal angina on effort but 
may experience repeated attacks of severe angina or 
acute coronary insufficiency requiring hospital admis- 
sion, hospital entry for chest pain is a reasonable cri e 
rion of recurrent symptoms. Objective methods € 
evaluating myocardial ischemia such as treadmill test- 
ing are properly not used in unstable angina, but pacing 
stress during angiography would be an acceptable e 
substitute. An increase in left ventricular end- diastolic 
pressure during stress or pacing appears to be a more 
sensitive measure of myocardial ischemia for repea t 
studies than the resting ejection fraction.”® E 
In follow-up studies one must determine if patien ts 
lost to follow- -up are alive or dead. This is an important 
problem since in a hypothetical study of 100 patients 
with a mortality rate of 8 percent, 8 more deaths wo n 
double the rate to 16 percent. Such a study may st 
have a 92 percent follow-up success rate if all the pa- 
tients lost to follow-up were lost because of. death. 







Sample Size and Duration of Follow-Up 


Because the incidence of myocardial infarction re: 
lated to surgery appears to distort the incidence of in- 
farction during the first year of follow-up study of sui 
gically treated patients a follow-up period of 3 to 5 years 
is needed to determine if surgery can prevent late in- 
farction. Studies in stable angina have indicated that 
in both medically and surgically treated patients th: 
highest death rate occurs during the first year and th 
same is probably true for the incidence of nonfatal in 
farction. For this reason a follow-up period of more thar 
5 years may result in diminishing returns in terms 0 
statistically valid differences. v 

If the expected mortality rate was 20 percent during 
the first year and 10 percent annually thereafter and if 
one mode of therapy successfully reduced the mortality 
rate by half, approximately 300 patients would be re- 
quired in each treatment group to achieve a statistically 
significant difference at 5 years. If one wishes to ex: 
amine differences in subgroups such as patients with 
single vessel disease, the initial sample size must be 
increased so that an adequate number of patients in 
each subgroup will be included for analysis. The Vet. 
erans Administration Cooperative Study plans to enter 
a total of 750 patients with a 5 year follow-up period in 
its projected evaluation of surgical versus medica] 
treatment of unstable angina. 

This is the critical problem with small studies; that 
is, the sample size and the follow-up period are not 
sufficient to demonstrate statistically significant dif- 
ferences. For this reason large scale cooperative studies 
will be necessary to answer most of the critical questio : 
regarding treatment of unstable angina. 
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Randomization 


f Prospective randomization of patients to different 
Treatment modes is an effective method of ensuring that 
ach treatment group is composed of similar patients. 
It is an-ethically acceptable method provided that 
ruidelines for fully informed consent are followed. It has 
zeen successfully employed in the Veterans Adminis- 
ration Cooperative Study of Stable Angina. 
Randomization may be impractical in a hospital 
tting where several physicians influence the decision 
( enter the patient into a randomized study. For ex- 
imple, some physicians may be willing to randomize 
mly younger patients at low risk. If this is a general 
iendency, the study group will not contain a represen- 
ative cross section of patients with the disease being 
»valuated. Randomized studies are most successful 
hen nearly all eligible patients are entered into the 
study and the reasons for not entering patients are 
inis stated in a screening log. In the Veterans Ad- 
inistration Cooperative Study of Stable Angina, a 
creening log is maintained by each participating hos- 
ital. 'The names of all eligible patients are entered into 
e log and specific reasons are listed for failure of any 
atient to enter the study. 14 
- If randomization is not feasible, data banking is a 
substitute method of analysis. Many patients with un- 
stable angina may elect not to have surgical therapy for 
personal or logistic reasons or upon the advice of their 
physician. If coronary arteriography has been per- 
formed, one can determine whether the condition of 
such patients is operable. These patients are then ac- 
ceptable control subjects for comparison with similar 
atients who receive surgical therapy. Several investi- 
zators!:?7-29 have successfully used this method with 
results that are very similar to those obtained from a 
randomized study. 
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K Present Status of Controlled Studies 


- This review will not evaluate in detail reports of 
comparative studies of medical versus surgical treat- 
ment of unstable angina. A summary evaluation of five 
studies reveals the following data: In 280 patients 
treated medically with a mean follow-up time of 18 
months the mortality rate was 13.8 percent and the in- 
cidence rate of nonfatal myocardial infarction 12 per- 
cent. In 334 patients treated surgically with a similar 
mean follow-up time the mortality rate was 7.1 percent 
and the incidence rate of nonfatal infarction 18.2 per- 
cent. Most of the infarcts in the surgical group were 
perioperative. 1,5,10229-34 

Further data will be needed from large scale studies 
to evaluate the comparative mortality and morbidity 
in identifiable subgroups in which the risk of medical 
treatment alone may be greater than that of surgical 
treatment. 


Medical Treatment 


- Most patients with unstable angina become symp- 
tom-free with appropriate medical management.?? The 
major objective of treatment is to achieve a decrease in 
cardiac work to relieve symptoms, reduce ischemia, 
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prevent infarction or arrhythmic death and relieve 
coronary spasm, which may be present in some patients. 
Bed rest, sedation, reassurance and relief of pain with 
meperidine or morphine are important measures that 
are often overlooked in modern, busy coronary care 
units. Sedation with phenobarbital or diazepam may be 
used for the first 2 or 3 days. Barbiturates should be 
used if necessary to ensure restful sleep. 

Patients with unstable angina are fearful of the pos- 
sibility of sudden death or infarction and are appre- 
hensive about diagnostic or therapeutic procedures that 
may be dangerous or painful. Invasive procedures such 
as central venous catheters, Swan-Ganz studies or ar- 
terial punctures should be employed only when neces- 
sary to obtain impartant data that may significantly 
influence therapy. An organized program of patient 
education should be started as soon as possible. This 
should include participation by the coronary care unit 
nursing staff and the attending physicians. The essen- 
tial features of the patient’s disease should be explained 
in lay terms, and the nature and purpose of all diag- 
nostic and therapeutic procedures should be described. 
Adequate time should be allowed for complete and 
thorough answers to any questions by the patient or 
concerned relatives. Some hospitals provide appropriate 
written material in lay language that is suitable for the 
intelligent motivated patient. These measures may be . 
more effective in reducing cardiac work and arrhyth- 
mogenicity than pharmacologic interventions. 

Nitrates provide the most effective, flexible means 
of relief of angina and ischemia. Nitroglycerin should 
be available at the bedside for prompt use when anginal 
pain begins. Patients should be instructed in the proper 
use of nitroglycerin. The hemodynamic effect is greater 
when the patient sits on the edge of the bed, which en- 
hances pooling. Nocturnal dyspnea may be promptly 
relieved with nitroglycerin and erect sitting. The patient 
should be told that a slight headache or throbbing 
sensation in the head or neck is a useful sign that the 
nitroglycerin is effective. If unpleasant headache is 
produced the dose should be decreased and, if necessary, 
aspirin or empirin compound may be used. 

Longer-acting nitrates, such as isosorbide dinitrate 
given 4 to 6 times daily, will provide a more sustained 
effect upon the circulation for periods of up to 4 hours.?? 
Sublingual tablets should be employed. 

For recurrent angina and nocturnal angina nitro- 
glycerin ointment will provide a more persistent he- 
modynamic and symptomatic effect.?6 

Propranolol should be employed with nitrates be- 
cause its negative inotropic and chronotropic effects 
reduce cardiac work because it inhibits the increased 
heart rate produced by nitrates. A dose of at least 80 mg 
daily is required for a demonstrable circulatory response 
and the usual daily dose is 160 mg. Propranolol should 
be given before meals and longer-acting nitrates after 
meals so that the slower circulatory effect of propranolol 
will more effectively inhibit the increase in heart rate 
produced by the shorter acting nitrates. Resting heart 
rate should be maintained between 60 and 70 beats/min 
by adjusting the dose. Effective slowing of the heart rate 
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can be achieved in most patients with unstable angina. 
Of 100 such patients observed at the Palo Alto Veterans 
Administration Hospital 30 percent had a resting heart 
rate exceeding 80 beats/min on entry to the coronary 
care unit. 

Nitrates and propranolol should be administered 
even in the absence of recurrent pain or signs of myo- 
cardial ischemia because prevention is as important as 
therapy. Many patients have myocardial ischemia or 
ischemic left ventricular dysfunction without chest 
pain.^ This management regimen should be continued 
for at least 7 to 14 days. The regimen should be con- 
tinued on a long-term basis in patients with stable an- 
gina. The effectiveness of propranolol in the relief of 
myocardial ischemia and the prevention of infarction 
is well illustrated by the untoward effects of the sudden 
cessation of the drug in patients with stable angina.?" 

Pulmonary congestion with dyspnea, orthopnea, 
rales and gallop rhythm is not an absolute contraindi- 
cation to the use of propranolol in patients with recur- 
rent chest pain since it may have an ischemic origin. In 
such patients the administration of digitalis prepara- 
tions, and a diuretic drug with modest sodium restric- 
tion, is indicated, and administration of propranolol and 
nitrates may be continued. If prompt improvement does 
not occur with this combination of drugs, the use of 
propranolol should be discontinued. 

If pulmonary edema is present with a reduction in 
arterial partial pressure of oxygen (PO») administration 
of oxygen at low flow rates with use of a light plastic face 
mask is indicated. Hypoxia increases heart rate and 
catecholamine release and this can be minimized by 
administration of oxygen. Oxygen also slows the heart 
rate by a more direct cardiac effect.?? 

Nitroprusside infusion may be useful in unstable 
angina under some circumstances including the fol- 
lowing: (1) persisting pain either not relieved by nitrates 
or occurring in patients who cannot tolerate nitrates; (2) 
left ventricular failure not responding to usual thera- 
peutic measures; and (3) persisting hypertension with 
recurrent chest pain not relieved by usual measures. 

Hypertension is frequently observed in patients with 
unstable angina. In the Palo Alto study 34 percent of 100 
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patients with unstable angina had a history of piid 
hypertension and 22 percent had a diastolic pressur e 
exceeding 89 mm Hg on entry to the coronary care unit. 
Episodes of angina may be accompanied by an acute 
increase in systemic pressure. Hypertension greatly 
increases cardiac work and myocardial oxygen cor 
sumption. 39 The maintenance of a low blood pros 
is an important objective of treatment of unstable & 
gina. If this cannot be achieved by rest, sedation, ni- 
trates or propranolol, a diuretic drug and methyldopa 
may be administered orally. Intravenous administratic on 
of methyldopa or nitroprusside may be ysed if signifi- 
cant hypertension persists despite these therapeut ic 
measures. i 

Serious cardiac arrhythmias, especially vehtric 
tachycardia and fibrillation, may occasionally occur i 
unstable angina, and appropriate suppressive pid r- 
macologic therapy and direct current cardioversion 
should be used when indicated. EU 

Approximately 5 to 15 percent of patients with n- 
stable angina will have clear evidence of myocardia 
infarction during their hospital course. Subendocardial 
infarction will be evident when persistent high levels of 
serum enzymes occur in the presence of prolonged S-1 B 
segment depression and T' wave inversion. Transm 'al 
infarction will be evident from the appearance of new 
Q waves or other QRS abnormalities. Conventional 
management of acute infarction is indicated in su ch 
patients. y 

The role of anticoagulant agents in managing un- 
stable angina remains in doubt because of the lack 
appropriately controlled prospective studies. If anti- 
coagulant therapy is employed heparin, € 
intravenously, should be selected initially because of it 
rapid action. Orally administered anticoagulant dr 
require several days to obtain a maximal effect o 
clotting factors. The role of aspirin is currently bein 
investigated by a Veterans Administration Cooperati 
study. 

All patients with unstable angina should receive 
careful systematic medical treatment, and this regimen 
should include patients who are being considered for 
surgical management. l 
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Clinical and morphologic features of the cardiovascular system are de- 
scribed in five necropsy patients with the Hurler syndrome. In all five 
patients the coronary arteries, four cardiac valves, mural endocardiut 

of all four chambers, myocardial walls and aorta were affected in a 
characteristic manner. All of these sites contained large clear cells known 
as Hurler cells (readily visible by light microscopy). In addition, granular 
cells were observed in semi-thin (1 u) sections and by electron micros- 
copy in the coronary arteries, atrioventricular (A-V) valves and in myo- 
cardial interstitium. These latter cells appear to produce collagen in an 
abnormal way and are probably responsible for the heavy deposits of 
collagen in the cardiovascular system of patients with the Hurler syn- 
drome. In the cardiac muscle cells, in smooth muscle cells of the coronar 
arteries and in fibroblasts, wherever located, deposits of acid muco- 
polysaccharides and glycolipids usually were also observed. The acid 
mucopolysaccharide deposits were observed easily with light microscopy 
except in the cardiac muscle cells where they were seen only witl 
electron microscopy. The glycolipid deposits, observed only on exami- 
nation of 1 u thick sections or with electron microscopy, have not pre- 
viously been observed in coronary arteries or in myocardial cells. 

The infiltration into the heart by these cells and deposits in all five pa ; 
tients resulted in severe narrowing of the extramural coronary arteries 
considerable thickening of the cardiac valves (the left-sided more tha | 
the right-sided valves), generalized thickening of mural endocardium anc 
“stiffening” of the myocardial walls. Thus, the cardiovascular lesions in 
the Hurler syndrome are specific and life-threatening. 


z 
e 
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* 
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The mucopolysaccharidoses are a heterogeneous group of inherit 
metabolic diseases that have been subdivided into several well definec 
syndromes on the basis of their clinical, genetic and biochemical fea 
tures.! Patients with the Hurler syndrome are characterized by dwarfism 
severe mental retardation, skeletal malformations, hepatosplenomegaly 
corneal opacities and various cardiovascular lesions.? These patient: 
demonstrate intracellular accumulation of acid mucopolysaccharide: 
and glycolipids in various tissues?-!! and excessive urinary excretion 0 
dermatan and heparin sulfates.!? The Hurler syndrome is due to genetic 
deficiency of specific lysosomal hydrolases that normally are responsibk 
for degradation of acid mucopolysaccharides.!?/4 Two enzymatic ab 
normalities of pathogenetic importance have been found in the Hurle 
syndrome: the first concerns the concentration of alpha-L-iduronidase 
which is consistently reduced in cultured Hurler fibroblasts,!?-!7 anc 
the second, the concentrations of isozymes B and C of beta- galactosidase 
which have variously been reported to be normal or decreased in differen 
tissues.1-?! The accumulation of excessive amounts of acid mucopoly 
saccharides in cultured Hurler fibroblasts is due to deficiency of a specifi 
protein *Hurler corrective factor" required for degradation of thesi 
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FIGURE 1. Case 2. Opened right (a and b) and left 
(c and d) sides of the heart of a 10 year old boy 
with typical features of the Hurler syndrome. All 
four cardiac valves and the mural endocardium of 
all four cardiac chambers were diffusely thick- 
ened. a, opened right atrium (R.A.), tricuspid valve 
and right ventricle (R.V.). b, opened pulmonary 
trunk (P.T.) pulmonic valve and right ventricular 
(R.V.) outflow tract. T.V.O. = tricuspid valve ori- 
fice. c, opened left atrium (L.A.), mitral valve and 
left ventricle (L.V.). The arrows show a severely 
narrowed left circumflex coronary artery. A — 
anterior, P — posterior mitral leaflets. d, opened 
left ventricle (L.V.), aortic valve and aorta showing 
thickening of both valves and the mural endocar- 
dium. The arrow again shows severe narrowing 
of the left coronary artery. A — anterior mitral 
leaflet. 


FIGURE 2. Case 1. Aortic and mitral valves. a, 
longitudinal section of the right anterior aortic 
valve (AV) cusp and a portion of the junction be- 
tween membranous ventricular septum and pos- 
teromedial commissure of the mitral valve. The 
penetrating portion of the atrioventricular bundle 
is enclosed by the dashed lines. The pale areas 
represent clusters of clear cells. Calcific deposits 
are present in the aortic valve cusp. b, longitudinal 
section through posterior mitral leaflet, left atrium 
(LA) and left ventricle (LV). A large deposit of 
calcium Ca++) is present in the mitral anular 
area. The narrowed left circumflex coronary artery 
is designated by the arrow. c, tip of mitral valve 
leaflet showing large numbers of clear cells and 
patches of hyalinized collagen. d, section of glu- 
taraldehyde- and osmium-fixed, plastic-embedded 
mitral valve showing clear cells, granular cells 
(arrowheads) and bundles of dense collagen. 
Hematoxylin-eosin stain (a and c), Movat stain (b) 
and toluidine blue stain (d): X5 (a), X6 (b), X 100 
(c), X400 (d). (Reduced by 35 percent.) 
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compounds,?223 and this corrective factor has been 
shown to be alpha-L-iduronidase.!? 

Morphologic findings in the Hurler syndrome were 
first described by Tuthill?4 in 1934. Subsequent mor- 
phologic studies have shown that the most characteristic 
light microscopic finding is the presence of cells con- 
taining large amounts of storage material in many of the 
affected organs.25-?9 These cells are frequently called 
“gargoyle cells,” “balloon cells" or “clear cells” as a re- 
sult of the vacuolization produced by the extraction of 
the storage materials during histologic processing, be- 
cause of their solubility in ordinary fixatives. After ap- 
propriate fixation procedures, most of these cells give 
positive histochemical staining reactions for acid mu- 
copolysaccharides.9.10.29,30 Electron microscopic studies 
of different tissues from patients with the Hurler syn- 
drome, including liver, central and peripheral nervous 
system, eye, skin, cartilage, peripheral blood lympho- 
cytes and hypophysis, have revealed large membrane- 
bound cytoplasmic vacuoles that are believed to contain 
acid mucopolysaccharides and glycolipids.10:11,30-39 
These structures also have been shown to contain acid 
hydrolases, thus demonstrating their lysosomal na- 
ture,30:35,37 

Despite the occurrence of cardiovascular lesions in 
patients with the Hurler syndrome, relatively few in- 


TABLE | 


. Cardiac Gross and Histologic Findings in Five Patients 


With the Hurler Syndrome 








Patient no. 
1 2 3 4 5 
Age (yr) at death 6 9 11 7 16 
Gross findings 
Cardiac weight (actual) (g) 95 110 150 130 150 
Cardiac weight (expected) (g) 94 6 5115 « 122 9° 100^. 280 
LV wall thickness (mm) 10 13 11 14 12 
RV wall thickness (mm) 5 2 3 5 3 
Histologic findings* 
Valves 
Clear cells +H +++ ++ +++ +++ 
Granular cells S. > + + + + 
Inflammatory cells * * * * t 
Fibrosis Tt ++ ++ ++ +++ 
Collagen degeneration ++ ++ + + ++ 
Calcification 0 + + 0 + 
Vascularization 0 - i * * 
Mural endocardium 
Clear cells + $ + + + 
Inflammatory cells + + + + + 
Fibroelastosis + + + + -+ 
Myocardium 
Clear cells + + + + + 
Granular cells + + + + + 
Inflammatory cells + 0 + + + 
Fibrosis + + + + + 
Necrosis 0 0 ++ 0 0 
Epicardium 
Clear cells 0 0 + 0 + 
Inflammatory cells 0 + + + H 
Fibrosis 0 t + 0 0 
Nerve fibers 
Clear cells + + + + + 


*Severity of changes rated as + = mild; ++ = moderate; +++ = 
severe and O = absent. 
LV = left ventricle; RV = right ventricle. 
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vestigations of the heart and blood vessels in this syn: 
drome have been reported,!0-30,40-43 and all but two1%3 
of these were light microscopic studies only. Except for 
the studies of Lagunoff et al.1%30 on the fine structure 
of the mitral valve, no information is available con- 
cerning the ultrastructural aspects of the cardibvascular 
lesions in the Hurler syndrome. This study presents 
gross, histologic, histochemical and ultrastructura 
observations on the cardiovascular system in five nec- 
ropsy cases of the Hurler syndrome. a 


Patients Studied ' 
Detailed morphologic studies were made of tissues obtain oc 
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at necropsy from five children (one girl and four boys), in 
cluding two brothers (Patients 2 and 3), with typical clinical 
chemical and morphologic features of the Hurler syndrc me | 
Each had moderate dwarfism, corneal opacities, grotesque 
facial appearance, protuberant abdomen, inguinal hernias, 
typical deformities in the limbs and mental retardation. 
Urinary excretion of dermatan sulfate and heparitin sulfate 
was increased in each patient. None of the five patients had 
symptoms of cardiac dysfunction; however two patients (Cases 
1 and 3) had systolic murmurs (grade 2/6 intensity), loudest 
at the apex; three (Cases 1, 2 and 5) had mild cardiomegaly b; 
chest roentgenogram; two (Patient 3, who had right atrial 
hypertrophy and right axis deviation, and Patient 5, who had 
low voltage) had abnormal electrocardiograms and two (Cases 
3 and 4) had systemic hypertension. One patient (Case 2) h ad 
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TABLE II d 


Histologic Features of Coronary Arteries and Aorta in Five 
Patients With the Hurler Syndrome* 21 


1 2 3 4 5. 
Coronary arteries 3 
Extramural * 
Intima | 
Clear cells ate tat +++ +++ +++ _ 
Granular cells + + + + + 
Fibrosis ++ ++ ++ ++ -+ 
Media | 
Clear cells + d * * +: 
Granular cells 0 0 0 0 o 
Luminal narrowing (%) 4 
Left main 51—75 51-75 >75 51-75 51-76 
Left anterior descending >75 >75 >75 >75  »75. 
Left circumflex 51-75 51-75 51-75 <50 cop 
Right >75 >75 >75 <50 51-7§ 
Intramural oa 
Intima ET 
Clear cells + + + + + 
Granular cells 0 0 0 0 0. 
Luminal narrowing 0 0 0 0 0 
Media $ 
Clear cells 0 0 0 0 0 
Granuiar cells 0 0 0 0 0 
Aorta "B 
Intima 3: 
Clear cells * + + + + 
Granular cells 0 0 0 0 0. 
Atherosclerosis + + + + + 
Media 1 
Clear cells * * + + + 
Fragmented elastic fibers + + + + + 
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*Severity of changes rated: as + = mild; ++ = moderate; "T 
severe and O = absent. 4 
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ascites and severe subcutaneous edema, probably the result 
of portal hypertension. The ages of these patients at the time 
of death ranged from 6 to 16 years. None of the patients died 
of cardiac causes. 


. Grass Anatomic and Histologic Findings 
3ross Findings 


_ At necropsy, structural alterations characteristic of the 
urler syndrome were present in the liver, spleen, lymph 
odes, bone and nervous tissue. Heart weight was normal in 
ree patients and increased in two (Cases 3 and 4). The 
ubepicardial adipose tissue was practically absent, and the 
oronary arteries were rigid and thickened. In all five patients, 
he mural endocardium in all four chambers was diffusely 
Ee but to a greater extent on the left than on the right 
i de of the heart. No thrombi were present in any of the four 
ardiac chambers in any of the five patients. The leaflets of 
ill four cardiac valves were diffusely thickened in all five pa- 
ients. The thickening was most pronounced at the free mar- 
tins, which had an irregular nodular appearance (Fig. 1). This 
ippearance was most striking in the mitral valve. The left- 
ided cardiac valves in all five patients were considerably more 
hickened than were the corresponding right-sided valves. The 
nitral valve in all five patients was thicker than any of the 

her three valves. The chordae tendineae of the atrioven- 
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tricular (A-V) valves were moderately thickened and short- 
ened (Fig. 1, a and c). The commissures were not fused and 
none of the valve orifices appeared either stenotic or incom- 
petent. Three patients (Cases 2, 3 and 5) had calcific deposits 
in the angle just beneath the basal attachment of the posterior 
mitral leaflet (so-called mitral anular calcification) as well as 
smaller calcific deposits on the anterior mitral leaflet and on 
the aortic aspect of the aortic valve cusps (Fig. 2, a and b). The 
tricuspid and pulmonary valves were free of calcific deposits. 
Serial sectioning of each of the four major extramural coronary 
arteries in each patient (sections were made 0.5 cm apart) 
disclosed diffuse thickening of the arterial walls, causing se- 
vere (greater than 75 percent) luminal narrowing at many sites 
(Fig. 1, c and d). Thrombi were not observed in any of the ar- 
teries. 


Histologic Findings 


Histologic studies (‘Tables I and II) disclosed that the valve 
thickening was due mainly to the presence of large cells with 
clear cytoplasm (gargoyle, Hurler, clear or balloon cells) and 
of bundles of collagénous tissue with variable degrees of hy- 
alinization (Fig. 2, c and d). Few mononuclear cells were 
present in the subendocardial areas of all valves, and small 
vascular channels were observed in the valve leaflets of all five 
patients. Increased amounts of collagen and numerous clear 
cells were responsible for the thickening of the chordae ten- 


FIGURE 3. Case 2. Atrioventricular 
(A-V) bundle. a and b, longitudinal 
sections, one (a) stained by hematox- 
ylin-eosin and the second (b) by Alcian 
blue, through the region of the A-V 
bundle (enclosed by dashed lines). 
Large amounts of acid mucopolysac- 
charide material (dark) is present in the 
region of the central fibrous body and 
in the tricuspid valve (TV) leaflet. AS = 
atrial septum; VS = ventricular septum. 
c, A-V bundle cells interspersed with 
clear cells and granular cells. d, small 
artery in the area of the A-V bundle. Its 
wall is infiltrated by clear cells. Peri- 
odic-acid Schiff stain (c) and hema- 
toxylin-eosin stain (d): X4 (a and b), 
X400 (c), X250 (d). (Reduced by 27 
percent.) 
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dineae, the membranous portion of the ventricular septum 
and the anuli of the A-V valves. The thickening of the mural 
endocardium resulted primarily from proliferation of elastic 
and collagenous fibrils, but a few clear cells also were 
present. 

Small foci of myocardial fibrosis and clear cells were 
present in the basal third of the left ventricular walls in all five 
patients. Foci of fibrosis were most prominent in the left 
ventricular papillary muscles of Patients 2 and 3. Patient 3 
had foci of myocardial necrosis in the subendocardial region 
of the left ventricular posterior wall and in the posteromedial 
papillary muscle. In the one patient (Case 2) in whom sections 
of the A-V node were examined, focal accumulations of clear 
cells were present between the A-V nodal cells and in the 
muscular layer of the A-V nodal artery (Fig. 3, a to d). 

The severe luminal narrowing of the coronary arteries was 
caused primarily by thickening of the intima, which contained 
numerous typical clear cells and increased amounts of collagen 
bundles (Fig. 4, a to d). Clear cells also were present in the 
medial layers of these vessels and in some of the intramural 
coronary arteries in all five patients. 

In the aorta, multiple yellow and fibrous atherosclerotic 
plaques were present in all five patients (Fig. 5, a and b). 
Likewise, the aortic intima contained clear cells (Fig. 5c). 


FIGURE 4. Histologic features of coronary arte- 
ries. a, Case 2. Cross section of greatly narrowed 
coronary artery. The intima is markedly thickened 
and contains many clear cells. The media is thin 
(Movat stain X60). b, view of part of the intima of 
the same vessel at greater magnification. Note the 
increase in fibrous tissue and the vacuolization of 
the clear cells. c, Case 3. Clear cells in a semi-thin 
section of the coronary arterial intima, as seen 
with Nomarski interference contrast optics. The 
cytoplasm is occupied by fine vacuoles. Compare 
with the clear cells shown in the electron micro- 
graphs of Figures 7 and 10 (X 1,600). d, Case 2. 
Small epicardial branch of coronary artery shows 
only focal intimal thickening. Compare with Figure 
4a (Movat stain X80). (Reduced by 35 percent.) 
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Small numbers of mononuclear inflammatory cells, calcific 
deposits and extracellular cholesterol clefts also were presen 
in the aortic intima of Patients 3 and 5. Similar infiltration by 
clear cells was observed in the intima of the carotid arteries 
and of branches of the renal and hepatic arteries (Fig. 5d) 
however, significant luminal narrowing was not evident ir 
most of these arteries. 

Light microscopic examination of sectións of plastic 
embedded tissues revealed a number of features that were not 
detectable by study of ordinary histologic sections. These 
tissues, obtained at necropsy from three patients (Cases 1 te 
3), were fixed with cold 3 percent glutaraldehyde in 0.1 molar 
phosphate buffer, postfixed with cold 1 percent osmium te: 
troxide in Millonig's phosphate buffer, and embedded in 
Maraglas®. Sections of these tissues, 1 u thick, were stainec 
with alkaline toluidine blue for light microscopic study. These 
preparations disclosed, in addition to clear cells, elongated or 
rounded cells that contained numerous dark cytoplasmic 
granules, referred to hereafter as granular cells. These ce 
were smaller and less frequent than clear cells and were most 
numerous in dense fibrous tissue in the A-V valves (Fig. 2d); 
They also were present in the myocardium (Fig. 6, a and b 
and coronary arteries, but only in small numbers. They were 
not identifiable in sections stained with hematoxylin-eosin 
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but were easily recognizable in sections stained with the pe- 
riodic acid-Schiff (Fig. 3c) and Movat methods. Semi-thin 
sections of the coronary arteries revealed abundant intensely 
stained cytoplasmic inclusion bodies (up to 3 u in diameter) 
in smooth muscle cells. Similar inclusion bodies were found 
in connective tissue cells of A-V valves and in cardiac muscle 
cells (Fig. 6, a to c). Although on light microscopic examination 
these inclusioris resembled those in the granular cells, electron 
microscopic study showed (see later) that they had a com- 
pletely different fine structure. Cardiac muscle cells in semi- 
thin sections also exhibited cytoplasmic clear vacuoles, which 
were difficult to observe in paraffin sections. 








Ultrastructural Observations 

The tissues of the three patients (Cases 1-3) studied by 
electron microscopy showed similar alterations. In agreement 
with the light microscopic observations, the most important 
changes in each patient were found in connective tissue cells, 
especially those in the intima of the coronary arteries and in 
the A-V valves. These connective tissue cells, including fi- 
broblasts, smooth muscle cells, macrophages and cells whose 
type could not be identified, consistently contained cyto- 
plasmic inclusions that varied in shape, size and internal 
structure but were limited by single, trilaminar membranes 
and resembled altered lysosomes. In some inclusions the 


FIGURE 5. Views of aorta and small branch of 
hepatic artery. a, Case 1. Opened aorta 
showing raised plaques involving areas adja- 
cent to orifices of intercostal arteries. b, Case 
3. Low power view of cross section of aorta 
showing several large irregular fibrous plaques 
(hematoxylin-eosin stain X 9). c, Case 3. Clear 
cells are present in aortic intima (periodic-acid 
Schiff stain X400). d, Case 2. Small branch of 
hepatic artery shows thickened intima and acid 
mucopolysaccharide deposits. The lumen is 
narrowed. (Colloidal iron stain X100). (Re- 
duced by 35 percent.) 


FIGURE 6. Case 3. a to c, semi-thin sections of plastic- 
embedded left ventricular muscle. Clear cells (CC) and 
granular cells (GC) are present in the myocardial inter- 
stitium. The cardiac muscle cells contain lamellar bodies 
(LB) and a few clear vacuoles (V) (toluidine blue stain 
X800). (Reduced by 40 percent.) 
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limiting membranes were disrupted, and in others they were most exclusively one single type of inclusion, whereas othe s 
absent. The following four types of morphologically distinct contained mixtures of different inclusions. . ; 
membrane-limited inclusions were recognized: (1) clear, Clear vacuoles (Fig. 7): These occurred singly or in con- 
electron-lucent vacuoles; (2) lamellar bodies; (3) amorphous fluent masses, and measured from 0.1 to 3 u in diameter. Mos ; 
dense bodies; and (4) mixed bodies. Some cells contained al- clear vacuoles either were completely empty or contained 


FIGURE 7. Case 3. Clear cells in the mitral valve are 
surrounded by collagenous and elastic fibrils. Note the 
indentations in the nucleus, the clear vacuoles limited by 
single membranes, and the occasional mixed inclusions 
(X 10,450). (Reduced by 40 percent.) 


FIGURE 8. Case 3. Ultrastructure of lamellar bodies in 
myocardium (a) and coronary arteries (b and c). a, low 
magnification view showing several lamellar bodies 
surrounded by mitochondria and myofibrils (X24,000). 
b, high magnification view showing that the lamellar 
bodies are composed of alternating dark and light bands 
(X220,000). c, view as in b, but preparation stained by 
Thiéry method for demonstration of periodate-reactive 
carbohydrate materials. Each lamella appears as a row 
of minute electron-dense particles of silver (X 170,000). 
(Reduced by 40 percent.) 
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scanty amounts of a finely granular or fibrillar, moderately 
electron-dense material. Cells in which the majority of these 
inclusions consisted of these vacuoles corresponded to the 
l clear or gargoyle cells observed by light microscopy. These 
- cells were rounded or elongated in shape and had eccentrically 
- placed nuclei that were deeply indented by the cytoplasmic 
- inclusions. Their plasma membranes were associated with a 
_ few pinocytotic vesicles. Basement membranes were absent. 
- Ribosomes, cisterns of endoplasmic reticulum and 100 A 
- filaments also were present in these cells. Rarely, clear cells 
exhibited intercellular junctions of the zonula adherens type. 
- Clear cells were most abundant in the intima of extramural 
‘coronary arteries and in valve subendocardium. 
_ The lamellar bodies (Fig. 8, a to c): These were composed 
-of electron-dense lamellae arranged concentrically or in par- 
allel. The lamellae measured 35 À in width and were separated 
"from each other by lucent zones that measured 30 A in width. 
When seen in transverse sections the lamellae showed faint 
" serrations along their edges. Arrays of concentric lamellae were 
-more frequent than those of parallel lamellae. Dense amor- 
‘phous material also was observed in some lamellar bodies. 
Inclusions of this type were most abundant in medial smooth 
‘muscle cells of coronary arteries and in cardiac muscle cells. 
Ultrathin sections stained by the Thiéry method*4 for dem- 
-onstration of periodate-reactive vicinal glycols (of the type 
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present in carbohydrate materials) showed an intense reaction 
in the lamellar bodies (Fig. 8c). Clear vacuoles and amorphous 
dense bodies showed no reaction. 

Amorphous dense bodies (Fig. 9, a and b): These were 
present in large numbers in the granular cells, but also were 
occasionally present in clear cells (Fig. 10) and in smooth 
muscle cells (Fig. 11c). These bodies were limited by single 
membranes and contained material that varied in density 
from one cell to another and even within a given inclusion. The 
most dense inclusions usually were either present in the center 
of the cell or composed of globular aggregates. Some inclusions 
also contained collagen fibrils with typical periodicity. Many 
of the collagen fibrils in these inclusions were more electron- 
dense than those in extracellular locations; a few, however, 
appeared more electron-lucent than normal but still retained 
their usual periodicity. Each inclusion usually contained a 
single fibril of collagen, but small aggregates of collagen fibrils 
were observed in some inclusions. The plasma membranes of 
the granular cells often exhibited irregular outlines and broad 
invaginations that contained electron-dense material similar 
to that present in the membrane-bound structures within the 
cells. A few pinocytotic vesicles were also observed. The cy- 
toplasm of the granular cells contained small numbers of free 
ribosomes, elements of smooth and rough endoplasmic re- 
ticulum, mitochondria, microtubules (200 Å in diameter) and 


FIGURE 9. Case 3. Granular cells in tricuspid 
valve. a, low power view of cluster of granular 
cells surrounded by dense collagenous tissue. 
These cells contain numerous dense bodies 
composed of amorphous to globular material. 
Similar dense bodies are free in the extracellular 
space. Note the collagen fibrils (arrowheads) in 
one of the intracellular dense bodies. b, several 
collagen fibrils (arrowheads) with typical peri- 
odicity are present in the dense bodies of the 
granular cells (X66,500). (Reduced by 35 per- 
cent.) 
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peripherally located filaments (50 A in diameter). In some cells 
the filaments were closely applied to the inner aspect of the 
plasma membranes. Golgi zones were not evident and nuclei 
were encountered only rarely. Intercellular junctions that 
consisted of small zonulae adherentes were evident between 
cytoplasmic processes of adjacent granular cells. Ultrastruc- 
tural study confirmed the presence of small numbers of 
granular cells in myocardium and coronary arteries, but failed 
to disclose collagen fibrils within inclusions of the granular 
cells in these sites. 

Mixed bodies (Fig. 7 and 10): These consisted of mem- 
brane-bound inclusions that contained different kinds of 
material and were present in all tissues examined. These 
bodies contained round or irregularly shaped groups of lam- 
ellae and globular, amorphous, finely granular or fibrillar 
material of moderate density. 

Myocardial alterations: Cardiac muscle cells were mildly 
hypertrophied in all three patients. The nuclei were irregular 
in shape and appeared vacuolated because of peripheral 
clumping of chromatin. Mitochondria of cardiac muscle cells 
in all three patients showed clear matrixes, disruption of the 
cristae and loss of intramitochondrial granules; in Case 3 some 
muscle cells exhibited increased density of mitochondrial 
cristae and flocculent material in the mitochondrial matrixes. 
All of these changes were considered to result from postmor- 
tem autolysis. 

The most distinctive alteration in cardiac muscle cells 
consisted of the presence of lamellar bodies that measured 


FIGURE 10. Case 3. Ultrastructure of mixed inclusions. 
Cell with small eccentrically located nucleus, numerous 
clear vacuoles, moderate numbers of mixed inclusions 
and a few lamellae is present in tricuspid valve. Compare 
with Fig. 7 (X11,600). (Reduced by 40 percent.) 
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from 1 to 3 u in size and occupied less than 5 percent of the cell 
volume (Fig. 6, a and c, and 8, a to c). Clear vacuoles, however Ty 
also were present in cardiac muscle cells. They did not have 
a characteristic localization and they did not appear to be 
related to the sarcoplasmic reticulum or Golgi complexe s 
which were normal. Fibroblasts and macrophages in myo 
cardial interstitium contained large numbers of,clear vacuole 
in their cytoplasm (Fig. 6, a to c). These inclusions were clos 
packed and it was often impossible to distinguish the 
structure of other cellular organelles. The organization of tk 
collagen fascicles was generally preserved; however, irregular. 
arranged bundles of collagen, with occasional loss of period- 
icity, were identified in myocardial interstitium. Destructiot 
of collagen fibrils was not observed. Spiney collagen (Fig. 12: 2a) | 
with features similar to those described by Banfield et al.4® 
was present in the myocardial interstitium of Patiepts 1 and 
2 and in the coronary arterial intima of Patients 2 and 3. 
eod banded structures of the type described by Sui 
and White*6 were present in myocardial interstitium in P a- 
tient 1. These structures (Fig. 12b) had a periodicity of 1,000 
À, and had parallel fine fibrils between the dark bands. Bo h 
the spiney collagen fibrils and the cross-striated banded 
structures were seen mainly in perivascular areas, where they 
formed small bundles. j y 
Valve alterations: The changes observed were more se n p 
in the mitral than in the tricuspid valve but were morph« 0- 
logically similar. Large cells containing numerous clear vac: 
uoles (Fig. 7) were observed throughout the whole thicknes 
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Iany cells also contained lamellar and mixed bodies (Fig. 10). 
xranular cells were observed in areas in which the connective 
tissue stroma was densest and richest in collagen fibrils. The 
r troma af the A-V valves was composed of closely packed 
collagen fibrils embedded in a ground substance that con- 
‘tained fine fibrils and small electron-dense spicules considered 


to be composed of precipitated acid mucopolysaccharides. 


D 
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ground substance that showed greater than normal electron 
density. It was not uncommon to observe unorganized bundles 
of collagen coursing in various directions. This increase in fi- 
brous tissue was generalized, although it was most prominent 
in the basal and middle thirds of the valves. Spiney collagen 
or cross-striated banded structures of the type present in 
‘myocardial interstitium were not found in the A-V valves of 
any of the three patients. 

- The calcified basal portion of the mitral valve of Patient 3 
showed large aggregates (up to 4,000 A in diameter) of highly 





crystals often were observed in the periphery of these aggre- 


gates. Cells in these areas showed disruption and fragmenta- 
tion. The interstitial space in calcified areas (Fig. 12d) had a 
‘sti iking vacuolar appearance and contained deposits of 
Tipid like material and myelin figures (concentric lamellae of 
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irregular arrangement and periodicity). Collagen fibrils in 
these sites showed degenerative changes consisting of frag- 
mentation and loss of their periodic cross-banding. Never- 
theless, the process of calcification did not involve the collagen 
fibrils themselves. Elastic fibers also showed fragmentation, 
and in some areas were associated with crystalline or needle- 
shaped deposits of calcium (Fig. 12d). 

Coronary arterial changes: The thickening of the coro- 
nary arterial intima was attributable both to the presence of 
large numbers of clear cells and to a substantial increase in 
collagen fibrils. Also present in the coronary intima were many 
smooth muscle cells that contained numerous clear vacuoles, 
a few lamellar bodies and only scanty peripherally located 
contractile elements (Fig. 11a). These cells also had consid- 
erably thickened basement membranes. Dense collagen 
bundles of normal size and periodicity surrounded the clear 
cells and the smooth muscle cells. T'he interstitial space also 
contained spiney collagen and large deposits of moderately 
electron-dense material resembling that found in basement 
membranes (Fig. 12a). These deposits were associated with 
numerous microfibrils and with collagen or elastic fibers. 
Accumulations of electron-dense granules and fine spicules 
of acid mucopolysaccharides also were present in these 
areas. 

The smooth muscle cells in the medial layers of the coro- 
nary arteries had thickened basement membranes and con- 
tained many pinocytotic vesicles associated with their plasma 
membranes. Most of these smooth muscle cells contained large 


FIGURE 11. Case 3. Smooth muscle cells in intima (a) 
and media (b and c) of coronary arteries. a, most of the 
cytoplasm of this cell is occupied by clear vacuoles; a few 
lamellae are present also. The few contractile elements 
that remain are displaced to the periphery. Small spicules 
of material considered to be acid mucopolysaccharides 
are present in the interstitium (X 15,850). b, this medial 
cell contains mostly lamellar bodies of the type shown 
in Fig. 8 (X 10,450). c, amorphous dense bodies, similar 
to those in granular cells, are present in these medial 
smooth muscle cells (28,000). (Reduced by 40 per- 
cent.) 
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amounts of lamellar bodies (Fig. 11b) that corresponded to 
the dark inclusions observed in semi-thin sections stained with 
toluidine blue. Clear vacuoles and amorphous dense bodies 
(Fig. 11c) also were present in medial smooth muscle cells, but 
were less numerous than the lamellar bodies. 


Discussion 
Valve Disease 


Valve involvement in the Hurler syndrome consists 
of proliferation of fibrous tissue that contains diverse 
types of abnormal cells, mainly clear cells and granular 
cells, and ground substance with increased amounts of 
acid mucopolysaccharides. Although involvement of all 
four valves has been described in a few patients with the 
Hurler syndrome, all four were involved in each of our 
five patients. The valve lesions consist of generalized 
thickening that is most marked, at least in the A-V 
valves, at the margins, which may be nodular and ir- 
regular. The thickening of the leaflets usually is ac- 
companied by thickening and shortening of the chordae 
tendineae. Although the valve involvement in these 
patients may have no functional consequences, some 
degree of valve regurgitation may occur. When present, 
this alteration usually is limited to the mitral or aortic 
valve, or both.424347 Although regurgitation is the 
predominant mitral valve lesion at necropsy,*?^? mitral 


FIGURE 12. Connective tissue changes. a, Case 3. 
Bundles of fibrils of spiney collagen are associated with 
basement membrane-like material in coronary intima 
(X53,000). b, Case 1. Connective tissue microfibrils 
(CMF) in myocardial interstitium are adjacent to periodic 
banded structures (PBS) composed of dark bands con- 
nected by fine filaments (X56,750). c, Case 3. Aggre- 
gates of electron-dense needle-like deposits of calcium 
are present in the calcified area of the mitral valve ring 
(X65,000). d, same area of valve ring showing spicules 
of calcium associated with disrupted elastic fibers (EL); 
small electron-dense lamellae, and clear spaces con- 
sidered to be lipid vacuoles (V) (X 17,000). (Reduced by 
40 percent.) 
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stenosis has also been reported.4849 Systolic murmu re 
have been described in many patients with the Hurle let 
syndrome.*? Hemodynamic observations, however, hav 
been reported rarely. Krovetz et al.*? demonstrated with 
angiography valve (mitral, aortic or pulmonary) r 
gurgitation in 3 of 11 children with the Hurler sy n- 
drome. E 2 
The results of our ultrastructural studies of mitral 
and tricuspid valves confirm and extend the observa- 
tions of Lagunoff et al.,!°°° who observed clear and 
granular cells in the mitral valve. The clear cells in th 
valves appear similar to those in other tissues of patients 
with the Hurler syndrome. We consider these cells te 0 
be histiocytes or fibroblasts, or both, distended oy E n 
tralysosomal deposits of acid mucopolysacchartdes thé 
are highly soluble and are lost from tissues during de- 
hydration and embedding. The origin of the granul 
cells is unclear. We found intracellular deposits of col 
lagen in granular cells in cardiac valves, but not i 
granular cells in myocardial interstitium or coronal ; y 
arteries. It is likely that these cells are fibroblasts tl nat 
contain intracellular deposits of collagen that has u 
dergone either autophagy or heterophagy.9? It is dd 
whether all of the granules of these cells contain par- 
tially altered or amorphous deposits of collagen or col- 
lagen-acid-mucopolysaccharide complexes. From oi T 
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studies we conclude that the valve deformities result not 
oly from infiltration with clear and granular cells but 
also from excessive deposition and abnormal molding 
f collagen. In this respect we regard the abnormalities 

the valves as similar to those in the cornea, skin and 
ikeletal System, in which abnormal organization of fi- 
rous tissue may also play a major pathogenetic role. 

_ Anular and valve calcification: Calcification of the 
valves has been described in at least seven necropsy 
"ases of the Hurler syndrome;?927,4251 but information 
'oncerning the fibrous valve anulus was not given in 
shese reports. Mitral anular calcific deposits were ob- 
served in three of our five patients. Small calcific de- 
dosIts also were present on the ventricular aspect of the 
interior mitral leaflet and on the aortic aspect of the 
ortic valve cusps in each of these three patients. Non- 

lammatory calcification of the mitral anulus in 

Bildren i is rare and usually occurs only in the Hurler 
and Marfan syndromes.*?? Disturbances in metabolism 
of acid mucopolysaccharides occur in both syndromes. 
Some aspects of the mechanisms of calcification of bi- 
dlogic tissues are unclear. Different studies??-58 suggest 
that mitochondrial and lysosomal factors, lipids, 
chondroitin sulfate, collagen and elastic fibers are in- 
volved in forming of loci of calcification. Unfortunately, 
most of thése studies have been made in skeletal tissue, 
and studies concerning calcification of the human mitral 
anulus are based only on histologic and histochemical 
»bservations.99-8! Many etiologic factors have been 
postulated. It appears that the first metabolic step in 
the process of sclerosis and calcification in mitral anulus 
is a mesenchymal reaction in which the cells synthesize 
acid mucopolysaccharides, collagen and elastic 
fibers.59-6! Calcification of the valves is associated with 
sclerotic changes.9.6? The state and importance of acid 
mucopolysaccharides in degenerative processes is 
controversial. During the aging process the ratio of the 
content of dermatan sulfate to that of hyaluronic acid 
increases in cardiac valves,9?64 aorta996 and skin.67-68 
These biochemical alterations resemble those occurring 
in patients with the Hurler syndrome because of their 
tissue deposits of dermatan and heparan sulfate. It 
appears that acid mucopolysaccharides play an im- 
portant role in the production of sclerosis and calcifi- 
cation of the cardiac valves. As discussed elsewhere,?? 
increased amounts and altered proportions of these 
Een may alter the synthesis of collagen. 

- We observed large deposits of acid mucopolysac- 
Karides, lipid-like material, myelin figures and de- 
generated cells in the calcified mitral anulus of Patient 
9 Degenerative changes i in collagen and elastic fibers 

ere also present in this area. Elastic fibers were closely 
Fescciated with needle-shaped precipitates, as observed 
in other diseases in which pathologic calcification oc- 
curs.°? Our observations, which constitute the first ul- 
trastructural study of mitral anular calcification, are in 
agreement with the ultrastructural findings of Kim and 
Huang” on calcified human aortic valves. It would ap- 
pear, therefore, that the processes of calcification of the 
aortic valve and mitral anulus are associated with sim- 
ilar morphologic changes in connective tissue compo- 
nents. 


Coronary Arteries 

A remarkable alteration of the cardiovascular system 
in the Hurler syndrome is the severe involvement of the 
coronary arteries. All five of our patients had luminal 
narrowing greater than 75 percent i in one or more of the 
three major arteries. This narrowing was mainly due to 
thickening of the intima. The intramural coronary ar- 
teries also were involved, but to a lesser degree. 

Acid mucopolysaccharides and atherosclerosis: 
The presence of acid mucopolysaccharides in the nor- 
mal arterial wall, mainly in the intima, has been docu- 
mented by Berenson et al.7^7? Interest in the role of 
these compounds as possible pathogenetic factors in 
human atherosclerosis is supported by several obser- 
vations. As mentioned, significant changes occur in the 
ratios of different acid mucopolysaccharides in aging 
blood vessels. These changes may account partially for 
the concomitant increase in the calcium content of the 
aorta9? and may be responsible for the intimal thick- 
ening.” The atherogenic role of acid mucopolysaccha- 
rides is also supported by the storage of these substances 
in atheromatous lesions and by the known affinity of low 
density and very low density lipoproteins for acid mu- 
copolysaccharides, with which they form insoluble 
complexes (see7*7? for review). The stability or revers- 
ibility of these complexes may be related to calcium 
binding./^75 Furthermore, electrophoretic studies”® 
have suggested that alterations in the relative propor- 
tions of different acid mucopolysaccharides are more 
important in atherogenesis than are changes in total 
quantity. The preceding observations suggest that acid 
mucopolysaccharides play an important role in the 
production of atherosclerosis in children with the Hurler 
syndrome. Similar considerations may apply to the 
atherosclerotic lesions that develop in patients with 
other mucopolysaccharidoses. 

Preferential coronary involvement in Hurler's 
syndrome: The reason for the preferential involvement 
of the coronary arteries, as compared with other arteries, 
in the Hurler syndrome is unclear. We consider it likely 
that the metabolic alterations cited lead to an exag- 
geration of the proliferative process that normally oc- 
curs in the coronary arterial intima in children. Despite 
the severe narrowing of the coronary arteries, thrombi 
were not observed. Likewise, cardiac mural thrombi 
were not observed in any of our five patients, even 
though the mural endocardium was thickened in all four 
chambers in each patient. It is possible that the deposits 
of dermatan and heparan sulfate compounds, which 
have anticoagulant activity resembling that of hepa- 
rin,/778 play a role in preventing thrombus forma- 
tion. 

Important structural differences exist between the 
atherosclerotic plaques in coronary arteries in adults 
and the intimal fibrosis and deposition of acid muco- 
polysaccharides in clear cells and smooth muscle cells 
of coronary arteries of children with the Hurler syn- 
drome. In the latter, deposits of cholesterol and other 
lipids are practically absent. Conversely, the thickening 
of the intima is more focal in adults with atherosclerosis. 
For reasons that remain unclear, in our patients with the 
Hurler syndrome the aortic intimal plaques were much 
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less cellular and more fibrotic than the lesions in the 
coronary intima. These aortic plaques contained some 
calcific deposits and cholesterol and resembled those 
in adults with atherosclerosis, even though they also 
contained small numbers of the clear cells typically 
found in the Hurler syndrome. 

The number of cytoplasmic inclusions is much larger 
in intimal than in medial smooth muscle cells, and the 
latter cells have primarily lamellar bodies, whereas the 
intimal cells accumulate mainly clear vacuoles. The 
reasons for this discrepancy and for the relative sparing 
of intramural coronary arteries are not known. 

Lamellar inclusion bodies: The lamellar bodies 
observed in smooth muscle cells in the coronary arteries 
and in cardiac muscle cells are similar to those described 
in other tissues, including the liver, brain, cornea and 
skin of patients with the Hurler syndrome.!!°°° In our 
study, the lamellar bodies gave a positive Thiéry reac- 
tion, in which each lamella appeared as a row of closely 
spaced silver granules. Like a positive periodic acid- 
Schiff reaction, a positive Thiéry reaction is indicative 
of the presence of periodate-reactive vicinal glycol 
groups.^^ This suggests the presence of carbohydrate 
materials. The lamellar bodies in the Hurler syndrome 
have been considered to represent deposits of glycoli- 
pids, possibly gangliosides.!! Biochemical studies9-? 
have shown increased content of gangliosides in the 
brain, liver and spleen of patients with the Hurler syn- 
drome. It is possible that these gangliosides accumulate 
as a result of deficiency of beta-galactosidase.!*?! La- 
mellar bodies resembling those in the Hurler syndrome 
also occur in a variety of tissues in other pathological 
conditions, including Tay-Sachs disease, Sandhoff's 
disease, Sanfilippo's disease, GM, gangliosidosis and 
Fabry's disease.7?89 The differences between the types 
of gangliosides or ceramide hexosides that are stored in 
these diseases are not sufficient to produce structures 
that are morphologically distinctive for each of these 
disorders.®! In cardiac muscle cells, lamellar bodies 
similar to those described in this study have been re- 
ported only in Fabry's disease.*? 


Myocardium 


Causes of myocardial failure: An adequate expla- 
nation has not been given for the sudden cardiovascular 
collapse or progressive congestive cardiac failure that 
may occur. Together they account for about 50 percent 
of the deaths of patients with the Hurler syndrome.1947 
The sudden cardiovascular collapse is probably a 
manifestation of ischemic heart disease. The congestive 
heart failure is probably the result of a combination of 
factors, including coronary insufficiency, deposition of 
acid mucopolysaccharides and glycolipids in myocar- 
dium, respiratory dysfunction, systemic hypertension, 
cardiac valve disease, and anemia and hypoproteinemia 
related to malnutrition and hepatic disease. We ob- 
served clear cells and granular cells in the myocardial 
interstitium and accumulation of clear vacuoles and 
lamellar bodies in cardiac muscle cells. The clear cells 
were numerous, but difficult to detect by light micros- 
copy. It seems likely that these cells and the increased 
amounts of interstitial fibrous tissue impart to the 
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myocardium its characteristic firm consistency. Such 
a consistency probably results in reduced compliance. 
The abnormal interstitial cells and the deposits within 
cardiac muscle cells do not appear to be sufficient y 
numerous to account for the cardiac dysfunctiori. 
Similarly, the valve involvement, although it appears 
to be a striking anatomic finding, is in itself an inade- 
quate explanation for the congestive heart failure in. 
these patients. E 
Myocardial hypoxia is the most likely principal 
factor causing the myocardial failure. Previous histo- 
logic studies of the heart have disclosed evidence of 
myocardial necrosis in only one patient with the Hurler; 
syndrome,?? even though clinical and pathologic studies 
suggest that ischemic heart disease does occut in this 
syndrome. It seems reasonable to believe that some 
patients with the Hurler syndrome have had a myo- 
cardial infarction but have died too soon for recogniz- 
able changes to have been evident on histologic study. 
Consideration also must be given to the possibility tha: 
the gradual progression of the coronary arterial nar- 
rowing may have served as stimulus for the development 
of collateral vessels. Since the latter vessels are smaller 
than the extramural coronary arteries they would be less 
likely to be involved by the glycolipid and acid muco- 
polysaccharide deposits and would have provided a 
certain degree of protection against ischemia. Systemic 
hypertension (blood pressure greater than 140/90 mm 
Hg) is frequently found in patients with the Hurler 
syndrome (present in 9 of the 15 patients studied by 
Krovetz et al.*? and was definitely present in two of our 
five patients. Its cause is unknown. yj 


Conclusions d 

We conclude: E 

1. All four cardiac valves and the mural endocardium 
of all four cardiac chambers are thickened in patients 
with the Hurler syndrome. A 

2. Involvement of the valve leaflets, anuli and 
chordae tendineae is characterized by increased 
amounts of collagen and by infiltration with clear cells 
and granular cells. 

3. Involvement of the myocardium is manifested by 
the presence of clear and granular cells in myocardial 
interstitium and of lamellar bodies and occasional clear 
vacuoles within cardiac muscle cells. T'he cardiac failure 
that occurs in patients with the Hurler syndrome is 
considered to result from a combination of factors in- 
cluding reduced myocardial compliance due to infil- 
tration with clear and granular cells, interstitial fibrosis 
and deposition of storage materials in cardiac muscle 
cells; valve deformities; coronary arterial narrowing; 
systemic hypertension; anemia; hypoproteinemia; and 
respiratory dysfunction. 

4. Disease of the extramural coronary arteries is se- 
vere and due to marked intimal thickening. This 
thickening results from increased amounts of collagen 
and from the presence of large numbers of clear cells and 
smooth muscle cells, both of which are distended by acid 
mucopolysaccharide deposits. Medial smooth muscle 
cells are less involved and contain mostly lamellar 
bodies. 
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Echocardiographic Evaluation of Tricuspid Valve Endocarditis 
An M Mode and Two Dimensional Study 


E F 

DSEPH KISSLO, MD Standard M mode echocardiography and a new real time two dimensional 
ILAF T. VON RAMM, PhD echocardiographic imaging system were utilized to follow the progressive 
OBYN HANEY, RN anatomic destruction of the tricuspid valve in a patient with bacterial 
OBERT JONES, MD endocarditis. The initial two dimensional echocardiographic study revealed 


- STANLEY JUK, MD 


t i i ; 
CTOR S. BEHAR, MD, FACC large vegetative masses attached to severely prolapsing tricuspid leaflets 


Serial studies demonstrated eventual disruption of the chordal attachments 





Durham, North Carolina of the anterior tricuspid leaflet resulting in frank leaflet flail. This technique 
Hu was seen to complement both M mode echocardiography and cardiac 
5 angiography by providing spatial information concerning serial changes 


in the disordered tricuspid valve. Such findings call attention to the relative S 
roles of various diagnostic measures, including M mode and two dimen- 
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ty sional echocardiography, in assessing the specific anatomic and functional 

f performance of a diseased tricuspid valve. 

r 

P Destruction of the tricuspid valve as a result of infective endocarditis 

E | may lead to severe tricuspid insufficiency and right heart failure. Al- 

5 though right ventricular angiography may provide important informa- 

3 tion about the right ventricle and pulmonary valve, in the presence of 

b. massive tricuspid insufficiency anatomic details of the tricuspid valve 

2 | may be obscured by the rapid, dense and simultaneous opacification of 

E the right atrium and right ventricle. This report describes the relative 

E clinical value of M mode and two dimensional echocardiography in de- 

EU lineating serial changes in the anatomic configuration of the tricuspid 

E- valve in a patient with bacterial endocarditis. 

E 

Ei 

b Methods " 
E M mode echocardiograms were performed with the patient in the slight left / 
Ee lateral position using previously described techniques.! A commercially available 

E- ultrasonoscope, equipped with a continuous recorder and a 2.25 megahertz, 7.5 

E cm focused transducer, was utilized. M mode studies were performed within 1 

pes hour of the two dimensional echocardiographic studies. 

| 2 Two dimensional (cross-sectional) echocardiograms were obtained using a 

z3 previously described?’ real time imaging device developed in the Duke Uni- 

"a versity Biomedical Engineering Department and currently undergoing clinical 

EC | evaluation in the Duke University Department of Medicine. This imaging system 

Eo uses a contact, hand-held 16 element transducer array that measures 14 by 24 

E mm at the site of skin contact. The system relies upon phased array principles 

F » to steer the sound beam electronically thróugh the structures being studied. High 

rom the Departments of Medicine and Surgery, resolution, real time tomographic images of cardiac structures are presented in 

linical Cardiology Laboratory and Cardiovascular a circular sector format, 60? or 90? in azimuth. This prototype imaging system 

aboratory, Duke University Medical Center, is undergoing continual changes to improve image quality. At present, the quality 

urham, N. C. This study was supported in part by of images in the 90? sector format (see Fig. 2) appears to be superior to that of 

rants HL 127 15-07, HL 14228, HL 17670-01 and images previously obtained in the 60? format (see Fig. 4 and 6). 
3 01613 from the U. S. Public Health Service, Images are permanently recorded on video tape for later playback and analysis. E 
E he Morse diee Pea i y The images presented in this report are 35 mm still photographic recordings of 

176, accepted March 3, 1976. single frame images from video tape. There is thus a loss of the visual integration 

‘Address for reprints: Joseph Kisslo, MD, Box of motion normally seen with the real time recording as well as a severe degra- 

318, Duke University Medical Center, Durham, dation in image quality caused by the video tape recording process. An individual 


C. 27710. field from the tape recording represents only 1/60th of a second. When operating 
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in the 128 line format, therefore, each single frame visual field 
represents only half (or 64 lines) the information provided in 
the actual scan or in real time playback. The primary purpose 
of the schematic diagrams used herein (see Fig. 2, 4 and 7) is 
to enhance understanding of the stop frame, two dimensional 
echo images presented. 

Normal tricuspid valve: Figure 1 schematically shows the 
planes of view for examination of the long axis of the left 
ventricle (position I) and the tricuspid valve (position II). The 
plane of the sector arc in position II intercepts the right atri- 
um, the long axis of the tricuspid valve and the inflow portion 
of the right ventricle. This plane is usually obtained by ro- 
tating the transducer in a counterclockwise direction from the 
plane suitable for examination of the long axis of the left 
ventricle. Systolic and diastolic single frame photos of a nor- 
mal tricuspid valve are shown in Figure 2. Simultaneous vi- 
sualization of tricuspid and mitral structures is not always 
possible. 


Case History 


A 17 year old black youth had had a heart murmur since 
birth. Cardiac catheterization at age 7 years revealed a ven- 


tricular septal defect with a pulmonary to systemic blood flow 


ratio of 2.6:1. Corrective surgery was refused at that time, and 
the patient remained completely free of cardiovascular 
symptoms in the intervening period. In the 2 months before 
his present admission, he noticed intermittent fever associated 
with progressive weakness, shortness of breath and swelling 
of the legs. 

Significant physical findings on admission included an 
ill-appearing young man in acute respiratory distress with a 
respiratory rate of 35/min. There was marked neck vein and 
liver distension with massive pitting edema over both the 
presacral area and legs. The blood pressure was 160/100 mm 
Hg and the heart rate was 110 beats/min and regular. The 
point of maximal impulse was felt in the sixth left intercostal 
space at the level of the anterior axillary line. The first heart 
sound was accentuated and the second sound was normally 
split. There were easily audible presystolic and protodiastolic 


FIGURE 2. Single frame photographs and matched 
schematic diagrams of a two dimensional scan indicating 
the structures seen in a normal patient through position 
Il. A and B, open tricuspid valve in diastole. The right 
atrium is seen in the upper portion of the scan; the inflow 
portions of the right ventricle are seen to the lower left. 
Anterior is to the left of the photograph. The atrial septum 
may occasionally be visualized in this view. C and D, 
systolic frame from the same patient showing the closed 
tricuspid leaflets. AML — anterior mitral leaflet; ATL — 
anterior tricuspid leaflet; IAS = interatrial septum; IVS 
= interventricular septum; LA = left atrium; LV = left 
ventricle; PML = posterior mitral leaflet; RA = right 
atrium; RV = right ventricle; STL = septal tricuspid 
leaflet; SVC = superior vena cava. 
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gallops. A grade 3/6 rough pansystolic murmur heard alon 
the left sternal border radiated to the ventricular apex. 
grade 4/6 holosystolic blowing murmur (accentuated on in 
spiration) was heard maximally over the lower right sterné 
border. . 
Pertinent laboratory data on admission included an ele 
trocardiogram revealing normal sinus rhythm, left axis dé 
viation and incomplete right bundle branch block. Che: 
X-ray films showed generalized cardiomegaly, pulmone r 
edema and nodular infiltrates in the right upper pulmonar 
lobe. The white blood count was 39,500/cm? with a marke 
shift to the left. 





FIGURE 1. Schematic representation of the planes of the two-dime 
sional scans used to examine the long axis of the left and right venti 
cles. I, plane through the long axis of the left ventricle. The aortic ro 
is at the top and the ventricular apex is near the bottom. Il, plane throug 
the right atrium, tricuspid valve and inflow portions of the right venti 
cle. ` 
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^ standard M mode echocardiogram showed mild left 
intricular dilatation, paradoxical septal wall motion, peri- 
rdial effusion and marked thickening of the visualized 
tions of the tricuspid leaflet (Fig. 3). Because tricuspid 
ive disease was documented with M mode echocardiography 
ortly aftér admission preparations for placing a pressure 
bnitoring catheter into the pulmonary artery were not 
ntinued. 

A two dimensional echocardiogram revealed similar find- 
gs and, in addition, demonstrated marked prolapse of the 
terior tricuspid leaflet in systole (Fig. 4). The mass of echoes 
en on the anterior tricuspid leaflet was believed to represent 
arge vegetative mass. A two dimensional sonographic ex- 


a J > . e > . 
tination of the inferior vena cava revealed this structure to 
f 








be markedly dilated and hyperpulsatile. Blood cultures ob- 
tained on admission later demonstrated alpha hemolytic 
streptococci (Group H antigen, Streptococcus sanguis ) sen- 
sitive to penicillin G. 

Therapy was initiated with digoxin, 0.25 mg daily and fu- 
rosemide, 80 mg daily; penicillin G, 3 million units intrave- 
nously every 6 hours; and streptomycin, 0.5 intramuscularly 
daily. After a several week period of clinical instability due to 
the complications of acute glomerulonephritis and transient 
renal failure, septic pulmonary emboli, thrombocytopenic 
hemolytic anemia and major motor seizures, the patient’s 
condition began to improve satisfactorily. Right ventricular 
failure was brought under control leaving the patient mildly 
short of breath but with residual clinical evidence of massive 


FIGURE 3. Time-motion (M mode) 
echocardiograms through the left 
ventricle taken on admission. 
Echoes in A, B and C were taken 
with progressive slight medial an- 
gulation of the transducer in order 
to visualize more adequately the 
tricuspid valve. Arrows in B and C 
indicate the abnormal tricuspid 
valve echoes. Septal wall motion is 
abnormal, and a small pericardial 
effusion is seen. 


FIGURE 4. Single frame photos and matched schematic 
diagrams from the two dimensional scan through position 
Il taken on admission. A and B, open tricuspid leaflets in 
diastole. C and D, severe prolapse of the anterior tricuspid 
leaflet (ATL) in systole. A vegetative mass (V) is attached 
to the anterior tricuspid leaflet. Abbreviations as in Figure 
2. 
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tricuspid insufficiency characterized by a dilated hyperpul- 
satile liver, 2+ pitting edema of the legs and a grade 4/6 
holosystolic murmur that increased on inspiration. 

An M mode echocardiogram 8 weeks after admission (Fig. 
5) showed resolution of the pericardial effusion. Paradoxical 
septal wall motion compatible with right ventricular volume 
overload was again noted. The anterior leaflet of the tricuspid 
valve was easily visualized and demonstrated a marked in- 
crease in amplitude that was accompanied by high frequency 


FIGURE 5. Time-motion (M mode) echo- 
cardiograms taken 8 weeks after admis- 
sion. A, abnormal septal wall motion from 
the scan through the left ventricle. Abnor- 
mal echoes from the tricuspid valve can be 
seen within the right ventricle. B, medial 
angulation of the transducer showing the 
marked amplitude of excursion and coarse 
systolic vibrations of the anterior tricuspid 
leaflet (arrow). 
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vibrations in diastole and coarse movements in systole. The 
two dimensional echocardiogram of the tricuspid valve (Fig. 
6) showed frank systolic flail of the anteriorly positioned tri- 
cuspid leaflet. During examination of the heart in the long axis 
of the left ventricle, this leaflet was seen to move high into the 
pulmonary outflow tract in diastole. The mass previously 
attached to this leaflet (Fig. 4) was now absent, Examination 
of the abdomen showed the inferior vena cava to be more di- 
lated and pulsatile than before. 





FIGURE 6. Single frame photos and matched schematic diagrams from the two dimensional scan through position Il taken 8 weeks after admissio 
A and B, the tricuspid valve leaflets open in diastole. C and D, early systolic prolapse of the anterior tricuspid leaflet. E and F, mid to late systol 


flail of the anterior tricuspid leaflet. Abbreviations as in Figure 2. 
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E. 
-. The left-sided structures visualized in the images in Figures 
1 and 6 were thought to represent the posterior portions of the 
mitral ring and left ventricle near the insertion of the atrial 
septum. Multiple factors, including cardiac chamber en- 
argement and chest wall configuration, prevented simulta- 
eous visualization of tricuspid and mitral structures in this 
atient. 
- Cardiac catheterization at this time demonstrated a high 
nembranous ventricular septal defect with a pulmonary to 
iystemic flow ratio of 1.6:1. The pulmonary arterial pressure 
vas 31/15 mm Hg and the right atrial pressure data were a 
jave 14, v wave 26 and mean 16 mm Hg. Except for disclo- 
Ere of the ventricular septal defect, the left ventricular 
ingiogram wag normal. Biplane right ventricular cineangi- 
graphy revealed massive tricuspid insufficiency. A radiolu- 
‘ent masg was observed in the pulmonary outflow tract during 
liastole and was thought to represent the tricuspid leaflet seen 
n a similar position in the two dimensional echocardio- 
iram. 
_ Closure of the ventricular septal defect and replacement 
f the tricuspid valve with a porcine prosthesis was per- 
ormed. At operation, the attachment of the anteriorly posi- 
ioned tricuspid leaflet was noted to be completely destroyed. 
"he patient had an uncomplicated postoperative course and 
ras discharged on the 9th postoperative day. 
Follow-up M mode echocardiography 3 months postop- 
ratively (Fig. 7) revealed normal left ventricular size and 
eptal wall motion. A vibrating structure could be seen within 
he right ventricular cavity adjacent to the ventricular septum. 
Vith two dimensional echocardiography this structure was 
»calized in an area compatible with the residual portion of 
partially excised papillary muscle to the tricuspid valve. 


E : Discussion 


- This report demonstrates the value of M mode and 
wo dimensional echocardiography in accurately de- 
ecting the serial destructive changes in a tricuspid valve 
amaged by infective endocarditis. Although standard 
ime-motion echocardiography has been of value in the 
oninvasive detection of several disorders of the tri- 





cuspid valve, to our knowledge, this is the first reported 
application of the technique to a clinical case of vege- 
tative endocarditis involving the tricuspid valve.4-9 

Unique to this report, the tomographic images pro- 
vided by the phased array two dimensional echocardi- 
ographic system furnished specific spatial anatomic 
information concerning the serial changes seen in the 
infected tricuspid valve. Vegetative involvement and 
thickening of the anterior tricuspid leaflet with prolapse 
(Fig. 4) could be seen to progress to a frankly flail leaflet 
(Fig. 6) over a period of weeks. The relentless destruc- 
tion detected by this method was also evident in the 
progressive dilatation of the inferior vena cava that 
suggested an increased degree of tricuspid incompe- 
tence. Nevertheless, the patient's clinical condition 
improved, with resolution of the various complicating 
features of his illness and control of the acute infective 
process. Thus, serial M mode and two dimensional 
echocardiographic findings called attention to the lo- 
calized destructive effects of the infection that could not 
be appreciated on the basis of physical findings 
alone. 

Angiography versus echocardiography: Although 
the cineangiogram of the right ventricle readily dem- 
onstrated tricuspid insufficiency and a flail mass in the 
pulmonary outflow tract during diastole, the specific 
details of tricuspid valve anatomy were obscured by the 
dense simultaneous opacification of both the right 
atrium and ventricle. Thus, although cardiac cathe- 
terization and cineangiography permitted assessment 
of the patient's hemodynamic state and the severity of 
the tricuspid insufficiency, the flail nature of the tri- 
cuspid leaflet was more fully appreciated with two di- 
mensional echocardiography. The latter technique also 
permitted serial observations to be made of the pro- 
gressive destruction of the tricuspid valve. 

M mode versus two dimensional echocardiogra- 
phy: M mode and two dimensional echocardiography 


FIGURE 7. M mode echocardiograms 
taken postoperatively. A, left ventricle and 
mitral valve. B, slight medial angulation of 
the transducer detected an abnormal 
structure within the right ventricular cavity 
(arrows). A two dimensional scan later 
showed it to be a portion of a partially ex- 
cised papillary muscle. 
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provide anatomic information in two different ways, 
each with specific clinical utility. In our study, the ab- 
normal tricuspid valve motion was identified with both 
methods. M mode echocardiography has the unique 
advantage of recording dynamic motion of target 
\ structures in a continuous time fashion. Thus, the 
graphic display of the rapid oscillations of the diseased 
tricuspid valve seen in Figures 3 and 5 suggested the 
presence of a vegetative lesion or disruption of leaflet 
integrity, or both. Because two-dimensional echocar- 
diography provided no time-related display record, it 
was difficult to appreciate such subtle vibrations in 
target movement with this technique. On the other 
hand, it provided spatial anatomic information that was 
specific in characterizing the nature of the disordered 
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valve anatomy. Thus, the methods complement ea ji 
other and neither should be relied upon as the sok 
source of echocardiographic information. E 

Time-motion echocardiography, two dimensional 
echocardiography, cardiac catheterization and cardiat 
cineangiography all proved useful in providing anatomk 
or functional information concerning the affected tr 
cuspid valve and, taken together, developed a complete 
clinical profile of the patient’s disordered tricuspid valve 
function. The high resolution tomographic images 
provided by real time, two dimensional echocardiog: 
raphy, and its noninvasive methodology, demonstrate 
the unique quality of this new ultrasonic imaging sys en 
to provide important serial information regardi 
clinical problems. 
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athologic Correlations in Three Cases of 
ilateral Bundle Branch Disease With 
inusual Electrophysiologic Manifestations in Two Cases 


Examination of the conduction system in three patients with bifascicular 
block who had electrophysiologic studies forms the basis for this report. 
Patients 1 and 2 had left bundle branch block and Patient 3 right bundle 
branch block and left axis deviation. The H-V interval was prolonged in 
each case (70, 65 and 60 msec, respectively). Serial section examination 
of the conduction system revealed sclerodegenerative involvement of 
both bundle branches in all cases. In Case 1, atrial extrastimulus testing 
converted left to right bundle branch block; in Case 2, it delineated a sinus 
echo zone with repetitive sinus nodal reentrance. In the latter case serial 
section revealed extensive amyloid infiltration of the approaches to the 
sinoatrial (S-A) node and the atrial preferential pathways. In Case 3, with 
right bundle branch block and left axis deviation, serial section revealed 
greater involvement of the anterior part of the main left bundle branch than 
of the posterior portion as well as involvement of the second part of the 
right bundle branch. 

The study revealed excellent correlation between electrophysiologic 
and pathologic findings in three cases of intraventricular conduction 
disease and demonstrated an anatomic basis for the electrophysiologic 
findings resembling alternating bilateral bundle branch block. Sinus nodal 
reentrance may be related to disease in the approaches to the S-A node, 
thereby causing delay in perinodal tissue allowing sinus reentrance. Finally 
in Case 3, the anatomic substrate for left axis deviation may lie in a greater 
involvement of the anterior portion than of the posterior portion of the main 
left bundle rather than in the corresponding portions of the periphery. 


Previous studies in a limited number of cases from our laboratories have 
demonstrated good correlations between sites of conduction disease as 
predicted from electrophysiologic study and subsequent pathologic 
studies with serial section of the conduction system.!-? In this study, we 
report three additional cases with intact atrioventricular (A-V) con- 
duction, bundle branch block and H-V prolongation. In each case, serial 
section of the conduction system confirmed the electrophysiologic di- 
agnosis of trifascicular disease. In addition, two patients had unusual 
electrophysiologic responses to extrastimulus testing. The pathologic 
significance of these findings is discussed. 


Materials and Methods 


Electrophysiologic studies: These were performed in three patients as 
previously described, using a tripolar electrode catheter percutaneously intro- 
duced into a right femoral vein and positioned at the tricuspid valve for His 
bundle recording. A second electrode catheter was percutaneously introduced 
into the femoral vein and positioned in the high right atrium and used for atrial . 
stimulation in all three cases and for recording the high right atrial electrogram 
in one case. Electrocardiographic leads I, II, III and V, and intracardiac elec- 
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trograms were recorded on a multichannel oscilloscopic 
photographic recorder (Electronics for Medicine DR-16) at 
paper speeds of 100 and 200 mm/sec. The electrical stimuli 
were provided by a digital programmable pulse generator 
(constructed by M. Bloom, Philadelphia, Pa.). 

Conduction intervals were recorded during sinus rhythm. 
The normal values for our laboratory are as follows: A-H in- 
terval 54 to 130 msec and H-V interval 31 to 55 msec. The 
atria were paced at a rate slightly higher than the sinus rate 
and then at increasing rates (in steps of 10 beats/min) until 
1:1 conduction was lost and second degree A-V block observed. 
Refractory periods were measured with the atrial extrastim- 
ulus technique.” The test stimulus (S2) was introduced in 
Cases 1 and 2 after every 10th spontaneous sinus beat (A1). 
'T'he coupling interval was decreased in increments of 10 msec. 
Sinus responses (Case 2) were analyzed as previously de- 
scribed by Dhingra et al.5? Electrophysiologic findings in Case 
1 have been previously published.!? 

Pathologic studies: In all three cases, the sinoatrial (S-A) 
node and its approaches were serially sectioned and every 10th 
section was retained. The A-V node and its approaches, the 
A-V bundle and the beginning of the bundle branches were 
serially sectioned and every 10th section was retained in Case 
1, and every 5th section in Cases 2 and 3. The remainder of the 
bundle branches up to the region of the moderator band were 
serially sectioned and every 10th section was retained in all 
three cases. In Cases 2 and 3, the preferential atrial pathways 
were serially sectioned, and in the former every 20th and in 
the latter every 40th section was retained. In addition, in Case 
9 of the roofs of both atria were serially sectioned and every 
40th section was retained. In all cases the remainder of the 
heart was cut into blocks and two sections were taken from 
each block. Alternate sections were stained with hematoxy- 
lin-eosin and Weigert-van Gieson stains in Case 1. In Cases 
2 and 3 sections containing the S-A and A-V nodes, the A- V 
bundle and the beginning of the bundle branches were con- 
secutively stained with hematoxylin-eosin, Weigert-van 
Gieson and Gomori trichrome stains; all other sections were 
alternately stained with hematoxylin-eosin and Weigert-van 


Case One 


. BUNDLE BRANCH DISEASE—BHARATI ET AL. 
| A 
Gieson stains. In this manner 914, 1,244 and 1,422 sections 
were examined in Cases 1, 2 and 3, respectively. In Case on 
additional sections were stained with methyl violet for me- 
tachromasia and with Congo Red, and tested for green bire- 
fringence with a polarized microscope to detect amyloid. S | 
general method of studying the conduction system has pre- | 
viously been reported.!! Findings were controlled by studies | 
of aging that included 25 subjects between 50 and 80 years for : 
study of the S-A node and 17 subjects in this age group for the | 
study of the A-V node, bundle and bundle branches.!?!3 


^» wu 
B 
s. P 
ew 
. 
" 


















Report of Cases - 


Case 1 id 


Clinical summary: The patient, a 51 year old man, w. aS 
admitted to the West Side Veterans Administration Hospital: 
on December 10, 1972 because of chest pain. He had a history: 
of two previous myocardial infarctions, angina pectoris and 
left ventricular failure. Diagnostic cardiac catheterization was; 
performed on December 23 and revealed diffuse three vessel: 
obstructive coronary artery disease, left ventricular failure and: 
a hypokinetic left ventricle. Coronary disease was judged ine 


> 


v 


operable and the patient was thus treated medically. On 
January 7, 1973 the patient was found dead in bed. c 
lectro- 


Review of electrocardiograms: The admission e 
cardiogram on December 10 revealed atrial fibrillation (mean 
ventricular rate 100/min) and complete left bundle branch’ 
block. Subsequent electrocardiograms revealed sinus rhythm: 
with rates of 50 to 60/minute, first degree A-V block (P-R 
interval 0.20 to 0.22 msec) and left bundle branch block (Fig: 
1). be. 
Electrophysiologic studies: These were performed at. he 
time of diagnostic cardiac catheterization on December 23: 
Control recordings revealed sinus bradycardia (heart rate 50) 
beats/min) with intact A-V conduction, a normal A-H interval 
of 95 msec and a prolonged H-V interval of 70 msec (Fig. 2). 
Type I block proximal to the His bundle was noted at a pa ced 
rate of 130/min. Sinus nodal recovery time at a paced rate of 


130/min was 1,440 msec and within normal limits.® p 
E 











FIGURE 1. Representative 12 lead electrocardiograms from the three cases. 


E 
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FIGURE 2. Case 1. Conduction intervals 
and extrastimulus studies. Shown are 
ea electrocardiographic leads |, Il, Ill and V, 
and a His bundle electrogram (HBE). A4, H4, 
V4, So, A» and V2 are labeled. A1-Ao, H4-H5 
and V ;-V>2 intervals in msec are listed at the 
top of each panel. H,-V, and Ho-V> inter- 





bundle branch block in A and a pattern of 


E I -—-- vals are listed at the bottom of each panel. 
Ee a A Each panel shows the last of 10 sinus beats 
T r Pans : (cycle length [CL] 1,200 msec) and the 
E. | extrastimulus and its responses at A;-A> 
ou III intervals of 560 msec (A), 530 msec (B), 
1 lá ; 430 msec (C) and 420 msec (D). The 
K : , j coupled QRS complex has a pattern of left 
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" Atrial extrastimuli were delivered during sinus rhythm. 
it long coupling intervals, Hə was conducted with a pattern 
f complete left bundle branch block (Fig. 2A and 3). As the 
.1-A» interval was decreased to 530 msec or less with a cor- 
Econding H;-H;» interval of 560 msec or less, Hə was con- 
ucted to the ventricles with a pattern of right bundle branch 
lock (Fig. 2, B to D and 3). The QRS axis was also shifted 
ftward (—120?) and the H5-V» interval was lengthened (80 
> 125 msec) (Fig 2, B and C). As the A,-A» interval was de- 
reased to 420 msec with a corresponding H,-Hp interval of 
0 msec, H» was conducted to the ventricles with further 
rolongation of the H5-V» interval to 135 msec with a slightly 
E QRS complex with a pattern of right bundle branch 
lock (Fig. 2D). Conduction was atrial-limited, with normal 
-V nodal effective and functional refractory periods (less 
E 420 and 450 msec, respectively). 


athologic Findings 


Aside from the findings in the heart the only pertinent 
iding was pulmonary edema. 
"Heart, gross: The heart was enlarged, weighing 530 g. 
lypertrophy and enlargement of all chambers were present. 
E was severe coronary artery disease and narrowing in- 
;lving all three major arteries and an organizing and old in- 
'tion of the anteroseptal wall. 
‘Conduction system findings: S-A node: The S-A node was 
ot available for sectioning. 
Approaches to the A- V node: Marked acute degeneration 
id eariy necrosis of the cells was present. 

A-V node: There was mild elastosis, proliferation of sheath 
lls and infiltration with mononuclear cells. 

i- V bundle: Slight fibrosis was noted. 
A-V bundle, branching portion: Moderate to marked fi- 
p was present. 
Left bundle branch: Main bundle: 'There was partial dis- 
Fr with fibrosis and space formation at the junction with 





right bundle branch block in B, C and D 
(see text for discussion). Paper speed 100 
mm/sec; time lines at 1 second intervals. 
(Reprinted from Wu et al. 1°) 


the A-V bundle (Fig. 4A). This was noted both anteriorly and 
posteriorly. There was focal eosinophilic degeneration of the 
remaining fibers, especially marked in the anterior portion. 
Periphery: Marked fibrosis was present anteriorly, and 
moderate fibrosis posteriorly. Moderate vacuolar degeneration 
was also noted. Some Purkinje cells were small anteriorly. 

Right bundle branch: 'The beginning of the first part 
showed marked fibrosis accompanied by arteriolosclerosis. 
Toward the end of the first part, the right bundle branch di- 
vided into two parts, and one part showed moderate fibrosis 
and the other marked fibrosis (Fig. 4B). Eosinophilic degen- 
eration was also seen in the first part. The two parts then 
joined together in the second part. The second and third parts 
showed milder similar changes as the first part. 

Myocardium: There was marked involvement of the an- 
terior, posterior and septal walls by an old infarct. This was 
more marked anteroseptally than posteriorly. There was also 
a recent subendocardial infarct in the anterior wall. Arterio- 
losclerosis, present throughout the heart, was especially 
marked in the summit of the ventricular septum. The right 
ventricle showed scattered small scars. Acute degenerative 
and early necrotic changes were present in the atria. 


Case 2 


Clinical summary: The patient, an 83 year old man, was 
admitted to the University of Illinois Hospital on October 24, 
1978 after a syncopal episode. He had a past history of chronic 
bronchitis and obstructive emphysema, congestive heart 
failure and urethral stricture. No cause for the syncope was 
defined, and he was discharged 1 week later. He was then 
followed up in the conduction disease clinic through March 
1974. 

He was readmitted to the West Side Veterans Adminis- 
tration Hospital on April 6, 1974 with pneumonia and acute 
respiratory insufficiency. On April 9 he had a respiratory ar- 
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rest necessitating intubation and then tracheostomy. From 
April 9 until his death on May 26, he was treated for recurrent 
pulmonary infection and respiratory failure. 

Review of electrocardiograms: The admission electro- 
cardiogram on October 24, 1973 revealed sinus bradycardia 
(heart rate 55/min), a P-R interval of 0.16 second and com- 
plete left bundle branch block. Subsequent clinical electro- 
cardiograms obtained while he was an outpatient were similar 
(Fig. 1). The electrocardiogram during his second hospitali- 
zation revealed left bundle branch block, episodes of sinus 
tachycardia, multiple atrial premature beats and occasional 
ventricular premature beats. 

Electrophysiologic studies: These were performed on 
October 25, 1973 in an attempt to define the mechanism of 
syncope. Control recordings revealed sinus bradycardia (heart 
rate 55/min) with intact A-V conduction. The A-H interval 
was 120 msec and within normal limits. 'The H-V interval was 
65 msec and prolonged (Fig. 5). Wenckebach periods proximal 
to the His bundle were noted at an atrial paced rate of 140/ 
min. Sinus nodal recovery time at a paced rate of 130/min was 
1,350 msec and normal. 

Atrial extrastimulus testing was performed during sinus 
rhythm with A;-A» coupling intervals between 850 and 320 
msec. A-V nodal function was within normal limits as defined 
by an A-V nodal effective refractory period of less than 330 
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FIGURE 3. Case 1. Conduction curves. A,-A» intervals are plotted ony 
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conducted with a pattern of left bundle branch block (LBBB) are n 
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FIGURE 4. Case 1. A, partial destruction of the main left bundle branch. Arrows point to the left bundle branch. B — A-V bundle; V — ventricular septurr 
B, marked fibroelastosis of the end of first part of the right bundle branch. Arrows point to the right bundle branch. (Wiegert-van Gieson X45 [A 


and hematoxylin-eosin X30 [B], both reduced by 25 percent.) 
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IGURE 5.-Case 2. Conduction intervals. Note the pattern of left bundle branch block, the normal A-H interval and the prolonged H-V interval. HBE 
* His bundle electrogram. Paper speed 200 mm/sec. 
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IGURE 6. Case 2. Atrial extrastimulus testing. Shown in each panel are two sinus beats followed by an atrial extrastimulus (labeled S) and the 
absequent return cycle or cycles. A high right atrial electrogram (HRA) is recorded on the bottom of each panel. Panel A shows a response in 
ie zone of reset; Ag is a reset response. Panel B shows repetitive sinus echoes; A5 and A, are early responses characterized by a high to low 
trial activation sequence and a P wave configuration similar to that of the sinus P wave. A» (the response to the atrial extrastimulus) is blocked 
istal to the His bundle (H2 occurring within the refractory periods of the ventricular specialized conduction system). A3 and A, are both conducted 
ith a pattern of left bundle branch block. Paper speed 100 mm/sec. HBE = His bundle electrogram. 
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msec (conduction was atrial-limited) and an A-V nodal 
functional refractory period of 470 msec. The effective re- 
fractory period of the ventricular specialized conduction 
system was 480 msec, achieved at an A;-A2 coupling interval 
of 420 msec. 

Sinus nodal responses were evaluated during extrastimulus 
testing. A zone of sinus reset? was demonstrated between 
A1-A» coupling intervals of 850 to 410 msec (Fig. 6A). With 
A;-A» coupling intervals of 400 to 340 msec (the atrial func- 
tional refractory period), a sinus echo zone was delineated. 
Early single and sometimes double echoes (A3 and sometimes 
A4) were noted (Fig. 6B). These were characterized by a high 
to low atrial activation sequence and a P wave resembling the 
sinus P wave (Fig. 7B). 


FIGURE 7. Case 2. Amyloid infiltration. 
A, of large arteriole in S-A node (N). B, of 
the approaches to the S-A node. A — am- 
yloid in myocardium; At — atrial muscula- 
ture. (Weigert-van Gieson X45 [A] and 
Gomori trichrome X45 [B], both reduced 
by 25 percent.) 
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Pathologic Findings 


Aside from the findings in the heart the important patho ^ 
logic diagnoses were: (1) bilateral acute and organizing 
bronchopneumonia, (2) diffuse pulmonary emphysema (bi; i 
lateral), and (3) acute and chronic bronchitis. — * D. 

Heart, gross: The heart was slightly enlarged weighing 360 
g. There was hypertrophy of the right atrium and ventricle. 
All three coronary arteries showed marked sclerosis and 
narrowing. The pars membranacea and the aortic-mitral an- 
ulus showed severe calcification. 6 

Conduction system findings: S-A node: There w AS 
marked amyloid involvement of most small vessels (F g- 
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| Approaches to S-A node: Moderate to severe fibroelastosis 
was present. Amyloid was present in almost all small arteries 
and in the parenchyma (Fig. 7B). Arteriolosclerosis and 
chronic pericarditis were noted. 

Be Atrial preferential pathways: Amyloid was present in the 
parenchyma, both in the muscle and endocardium. 

_ Approaches to A-V node: Amyloid was present in the pa- 
renchyma and the vessels. 

| A-V node: There was severe elastosis and moderate fatty 

infiltration, mostly in the periphery. Amyloid was present in 

small vessels. 

| A-V bundle, penetrating portion: Moderate elastosis was 
noted, with acute degenerative and early necrotic changes. 

‘Calcium pressed on the end of the bundle. 

| A-V bundle, branching portion: Compression atrophy of 

the begigning was present (Fig. 8A). This portion was very 

short. 

| Left bundle branch: Main bundle: This was disrupted at 

its junction with the bundle (Fig. 8A). The anterior portion 

contained a small amount of amyloid. Periphery: There was 

moderate fatty infiltration. 

| Right bundle branch: Acute degeneration and early necrotic 

changes were present in the first part. The second part was 

normal. The third part showed moderate to severe fibroelas- 

tosis (Fig. 8B). 

if Myocardium: Amyloid was present in the small arteries 
and arterioles throughout the heart. The myocardium of the 

left atrium, ventricular septum, subendocardial portion of the 
eft ventricle and parts of the right ventricle were infiltrated 
with amyloid. That of the right atrium showed fibrosis. 

-— Central fibrous body and mitral anulus: These showed 

areas of calcification. 
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Clinical summary: The patient, a 61 year old man, was 
admitted to the West Side Veterans Administration Hospital 
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on December 3, 1973 with a fractured hip. He had a history 
of previous hypertension and two cerebrovascular accidents. 
He was operated upon on December 7, and a hip nail was in- 
serted. During the course of the operation, marked respiratory 
insufficiency developed. After operation, the patient had 
progressive respiratory failure and hypotension and died on 
December 7. 

Review of electrocardiogram: The patient had right 
bundle branch block and left axis deviation dating back to at 
least 1972 (Fig. 1). The admission tracing on December 3, 1973 
revealed sinus tachycardia (heart rate 110/min), a P-R interval 
of 0.16 second, complete right bundle branch block and left 
axis deviation (—30?) and frequent premature ventricular 
contractions. 

Electrophysiologic studies: These were performed on 
December 6 as part of the preoperative evaluation of the need 
for prophylactic pacing. Control recordings revealed sinus 
rhythm at rates of 100 to 110/min with intact A-V conduction 
and occasional premature ventricular contractions. The A-H 
interval was 80 msec and normal, and the H-V interval was 
60 msec and prolonged (Fig. 9). The patient maintained 1:1 
A-V conduction up to a paced rate of 200/min. Sinus nodal 
recovery time was 700 msec at a paced rate of 130/min. 


Pathologic Findings 


Aside from the findings in the heart, the pathologic diag- 
noses were: (1) acute cor pulmonale secondary to massive bi- 
lateral pulmonary thromboemboli (recent), (2) recent pul- 
monary infarction, and (3) marked cerebral atherosclerosis 
with several old cerebral infarctions. 

Heart, gross: The heart was enlarged, weighing 438 g, with 
hypertrophy and enlargement of all the chambers. The coro- 
nary arteries showed minimal narrowing. There was an ab- 
normal architecture of the left ventricle, with high origin of 
the left coronary ostium above the sinus of Valsalva. 





FIGURE 8. Case 2. A, compression of the A-V bundle (B) and destruction of the left 
bundle branch and fibrosis of the summit of the ventricular septum. Arrows point to 
the left bundle branch. B, fibroelastosis of the third part of the right bundle branch 
(arrows). V — ventricular musculature. (Gomori trichrome X45 [A] and Weigert-van 
Gieson X150 [B], reduced by 65 and 62 percent, respectively.) 
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Conduction system findings: S-A node: The ramus ostii 
cavae superioris was thickened and narrowed just before it 
entered the node. There was moderate arteriolosclerosis of the 
node. 

Approaches to S-A node: Arteriolosclerosis was marked. 

Approaches to the A-V node: The ramus septi fibrosi was 
markedly thickened and narrowed. There was slight fibrosis 
of the approaches. 

A-V node: Moderate to severe fibroelastosis was present. 

A-V bundle, penetrating portion: 'This was very short and 
showed no changes. 

A-V bundle, branching portion: Moderate fibrosis was 
present. At its junction with the left bundle branch, it was 
partially disrupted, with fibroelastic linear formations and 
spaces. Arteriolosclerosis was moderate. 

Bifurcation: There was marked disruption of the left bundle 
branch at its junction with the bifurcation. The right side 
showed moderate fibrosis. 

Left bundle branch: The posterior part of the main bundle 
was partially (Fig. 10A) while the anterior was almost com- 
pletely interrupted (Fig. 10B). The periphery showed slight 
fatty infiltration. 

Right bundle branch: 'The first part showed moderate fatty 
infiltration and fibroelastosis. The second part showed 
marked fibroelastosis (Fig. 10C). The third part was the seat 
of marked fatty infiltration. 

Atrial preferential pathways: 'There was moderate arte- 
riolosclerosis and sclerosis of the small coronary arteries. 

Myocardium: The inferior wall of the left ventricle showed 
severe fibrosis. This was less severe in the anterior wall. Acute 
degenerative changes were also apparent. The small micro- 
scopic arteries and arterioles were moderately narrowed. Ar- 
teriolosclerosis was also present in the left atrium. The summit 
of the ventricular septum showed severe fibrosis and arteri- 
olosclerosis. 'T'his was less apparent further down in the sep- 
tum. 

Discussion 

If one considers the intraventricular conduction 
system as trifascicular (Rosenbaum et al.),!^ all three 
of our patients had electrocardiographic bifascicular 
block. The first two had left bundle branch block, 
implying either predivisional block in the left bundle 
branch system, or postdivisional block in the two divi- 

sions of the left bundle; the third had right bundle 
branch block with left axis deviation (left anterior 
hemiblock). 

Significance of H-V prolongation: The H-V in- 
terval is the interval from the onset of the His bundle 


I 
II 
III 
M 
FIGURE 9. Case 3. Conduction intervals. 
Note the normal A-H interval of 80 msec HBE 


and the prolonged H-V interval of 60 msec. 
Paper speed 100 mm/sec. HBE = His 
bundle electrogram. 
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electrogram to the onset of ventricular activation as 
measured from the beginning of the QRS complex in the 
surface electrocardiogram. In patients with bifasciculai 
block, the H-V intervalis a measure of conduction time 
in the distal His bundle and the remaining functionirig 
fascicle. H-V prolongation in the presence of chronic 
bifdscicular block therefore implies the’ presence of 
trifascicular conduction disease. The clinical signifi- 
cance of H-V prolongation in chronic bifascicular blo k 
remains controversial. Theoretically, H-V prolongation 
should imply a high risk of future heart block. Although 
some workers have reported data supporting this hy- 
pothesis,!56 prospective studies from our own labora- 
tory have not demonstrated a high risk of heart block 
in patients with chronic bifascicular block 4nd H-V 
prolongation.!7-1? EC 
Our three patients all had bifascicular block with H-V 
prolongation, implying trifascicular conduction dise je. 
The pathologic findings confirmed these electrophysi- 
ologic findings, as they have in previous cases.?? In all 
three cases both bundle branches showed severe, in- 
complete lesions pathologically, involving the left 
bundle branch at its origin in all and the first part of the 
right bundle branch in Case 1, the third part in Case2 
and the second part in Case 3. It is also possible that the 
disease in the branching portion of the bundle in al 
three cases contributed to the electrophysiologic find- 
ings. The etiologic types of involvement were of two 
kinds. In Case 1, the pathologic changes were clearly due 
to coronary disease, in Case 3 to sclerosis of the left side 
of the cardiac skeleton, and in Case 2 to a combination 
of these factors. : 
Alternating bundle branch block: In Case 1 a 
pattern of right bundle branch block was superimposed 
within a critical range of Hj-H» coupling intervals. The 
ability to conduct with right bundle branch block in this 
case strongly implied that the left bundle branch block 
was incomplete despite the electrocardiographic indi- 
cation that it was complete.!? If it had been complete 
then superimposition of functional right bundle branck 
block with coupled pacing would have resulted in block 
distal to the His bundle recording site. The ability t« 
conduct with a pattern of right bundle branch block 
implied functional integrity of the left bundle branck 
system. These electrophysiologic findings resemble 
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those found in some patients with alternating bundle 
»ranch block, in whom we have demonstrated incom- 
dlete block of one bundle branch and rate-dependent 
E branch block of the contralateral bundle.?? The 
:inical significance of such a pattern of conduction 
vould seem to be that of having bundle branch block 


ith a prolorfged H-V interval.?? The pathologic coun- 
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terpart in Case 1 (that is, the partial involvement of both 
bundle branches) corresponds to previous findings by 
Unger et al.?! and Lenégre?? in “masquerading” or al- 
ternating bundle branch block. 

Sinus echoes and sinus nodal reentry: The sinus 
echo zone in Case 2 was of interest. With use of atrial 
extrastimulus testing in the animal laboratory, sinus 





FIGURE 10. Case 3. Destruction of the main left bundle branch. A, 
posterior portion showing partial destruction (arrows). B, anterior 
portion showing more extensive destruction (arrows). C, right bundle 
branch showing marked fibroelastosis. Arrows point to right bundle 
branch. B — A-V bundle; RBB - right bundle branch; V — ventricular 
myocardium. Hematoxylin-eosin X30 [A], Weigert-van Gieson X30 [B] 
and hematoxylin-eosin X80 [C |, all reduced by 33 percent.) 
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echo zones can frequently be demonstrated.??-?? The 
sinus echo phenomenon in these experiments is believed 
to reflect the presence of slow conduction with unidi- 
rectional block in perinodal tissues, predisposing to 
reentrance. Crushing of the area of the sinus node 
eliminates these zones.?? In contrast, sinus echo zones 
in man are infrequent. We recently reported? sinus 
nodal responses to atrial extrastimulus testing in 36 
patients without apparent sinus node disease. Of these, 
only four (11 percent) manifested sinus echoes at close 
coupling intervals. T'he sinus echoes in Case 2 appeared 
to differ somewhat from the echo zones described in our 
previous study. The echo zone in Case 2 was of longer 
absolute duration, occurred at relatively later coupling 
intervals and was characterized frequently by the oc- 
currence of double responses (A3 and A4) as opposed to 
the single responses in our earlier study. The potential 
for double responses suggests some similarity to patients 
with sustained sinus nodal reentrant paroxysmal su- 
praventricular tachycardia, a group of patients in whom 
atrial disease is usually found.?? The patient in Case 2 
had documented episodes of sinus tachycardia during 
his last hospital admission, but it was impossible with 
the available electrocardiographic data to determine 
whether these were paroxysmal sinus reentrant tachy- 
cardias or nonparoxysmal sinus tachycardia related to 
respiratory insufficiency. 

'The pathologic findings in Case 2 define a basis for 
sinus nodal reentrance. The presence of amyloid in the 
approaches to the S-A node and in the atria in general, 
in addition to the severe fibrosis, is probably related to 
the sinus echo phenomena, sinus bradycardia and, 
possibly, to episodes of sinus tachycardia. The presence 
of amyloid in the approaches to the A-V node appar- 
ently did not affect A-V nodal function in Case 2. This 
may be related to the extensive area of the A-V nodal 
approaches and hence the difficulty of obliterating its 
function. The A-V node has also marked autonomic 
innervation that may play a major role in A-V nodal 
function. 

Pathologic basis for left anterior hemiblock: In 
Case 3, in which there was right bundle branch block 
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with left axis deviation, the anterior part of the main left — 
bundle branch was more involved than the posterior, - 
whereas there were no remarkable changes in the pe- 
riphery of this bundle. In two previous cases of right, 
bundle branch block with left axis deviation we found - 
the posterior part of the main left bundle more involved — 
than the anterior.? $ 
Similar inconsistencies have been reported by others. _ 
Thus Demoulin and Kulbertus?? found equal involve- 
ment of the posterior and anterior fibers in anterior - 
fascicular block in 5 cases while five others showed more : 
involvement of the anterior. In a more recent piece of — 
work, in a study of 8 cases of left anterior fascicular . 
block, these authors?? found that the fibrosis appeared - 
to be evenly distributed in four and predominantly in. 
the anterior and midseptal fibers in four. Fernandez et — 
al3! found more changes in the anterior than in the . 
posterior fibers of the left bundle branch in anterior d 
fascicular block. Blondeau and Lenégre?? in cases of - 
right bundle branch block and left anterior fascicular - 
block found that the involvement of the left bundle | 
branch was not necessarily anterior but in some cases ' 
medially and posterior as well as anterior. Also, Sugiura 
et al.33 in right bundle branch block and left axis de- | 
viation found generalized involvement of the main left | 
bundle branch as well as the intermediate zone in most | 
cases. And Entman et al.*4 in partial block or left axis | 
deviation found no specific portion of the conduction - 
system involved. Thus from our cases and those re- ` 
ported previously, we may conclude that a morphologic ? 
basis for left anterior fascicular block has not.yet been - 
defined. However, our Case 3 suggests that it is possible - 
for left axis deviation to occur as a result of involvement — 
of the anterior portion of the left main bundle branch | 
rather than of the anterior peripheral fasciculi. à 
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Wi 
Three cases are described with documented ventricular flutter and ti- A 
brillation during quinidine medication without concomitant digitalis therapy. 
In all three patients the arrhythmia developed while they were receiving — 
moderate doses of quinidine. Although no changes in QRS width were 
observed after administration of quinidine, there was marked prolongation - 
of the Q-T interval. The mechanism of development of ventricular flutter | 
and fibrillation in patients taking quinidine may be similar to that in patoi 
with the Q-T prolongation syndrome. 
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Adverse reactions to quinidine are well known. Among them quini- | 2 
dine-associated syncope has been. poorly understood. Recording thes 
electrical activity of the heart during such syncope has shown that a 
paroxysmal, usually self-terminating, episode of ventricular flutter M ; 
fibrillation is probably responsible.!-?! We describe herein three patients 4 
with documented ventricular fibrillation and flutter, not receiving dig- | 
italis, whose arrhythmia was attributed to the administration of quinis | 
dine alone. l 


Case Reports 3 
Case 1 4 


A 31 year old woman complained for several years of short episodes of a rapid | 
heart action accompanied by slight dizziness. These episodes had increased in ` 
frequency and duration over the years. During one episode she was admitted — y 
to another hospital on May 4, 1974, and an electrocardiogram showed an atrio- | 
ventricular (A-V) junctional tachycardia with a ventricular rate of 200/min. | 
Routine blood chemistry and electrolyte values were normal. | 

On admission, the patient received verapamil (Isoptin®), 10 mg introvébo ta 1 
which resulted in return of a normal sinus rhythm. An intravenous infusion of | 
verapamil (15 mg over 8 hours) was started, as well as treatment with quinidine | 
sulfate (1,200 mg daily by mouth). On the morning of May 6 she had a seizure © 
that terminated spontaneously within 1 minute. No electrocardiogram was ob- | 
tained during this episode. On the afternoon of the same day another seizure | 
occurred; the electrocardiogram now showed ventricular fibrillation. Defibril- - 
lation was carried out and she was given one injection of diphenylhydantoin (125 — 
mg intravenously). Thereafter she was transferred to our hospital. At that mo- | 
ment the blood quinidine level was 6.7 mg/liter. In the ambulance and after ~ 
admission she had several episodes of ventricular fibrillation (Fig. 1). Only one . 
episode required electrical termination. All medication was withheld and within | 
12 hours no more episodes of ventricular arrhythmias were observed. | 


Case 2 


A 63 year old woman had short episodes of vertigo without loss of conscious- - 
ness over a 10 year period. During several examinations occasional premature |. 
ventricular contractions were registered. During an exercise test a short episode - 
of ventricular tachycardia was recorded, during which she remained asymp- | 
tomatic. She was admitted to another hospital where treatment with quinidine | 
bisulfate (Kinidine Durettes®), 500 mg twice daily, was started on April 10, 1974. | 
On April 12 she suddenly lost consciousness for a few minutes. She awoke - 
spontaneously and several short runs of ventricular tachycardia were recorded. : A 
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- She was transferred to our hospital. Physical examination 
- revealed no abnormalities. Results of routine blood analysis, 
- including electrolyte determinations, were normal. 
-— . The electrocardiogram revealed sinus rhythm with frequent 
unifocal premature ventricular beats, many in runs of two and 
three; these were frequently interrupted by runs of ventricular 
flutter lasting 10 to 30 seconds (Fig. 2A). These episodes 
3 usually terminated spontaneously but occasionally required 
- electrical defibrillation. The dose of quinidine was increased 
"to 500 mg three times daily; thereafter the episodes of ven- 
» tricular flutter increased, frequently occurring at a rate of 
E three to five times in 5 minutes. An intravenous bolus injection 
b of 100 mg of lidocaine was given, followed by a lidocaine drip 
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infusion at 3 mg/min, but there was no improvement. Ad- 
ministration of quinidine and lidocaine was stopped, and 
procainamide hydrochloride (Pronestyl®) was given in a dose 
of 500 mg intravenously and 500 mg orally, followed by 250 
mg intravenously every 30 minutes for 2 hours. During this 
period there was a further increase in the episodes of ven- 
tricular flutter. Over a period of 2 hours the patient had about 
100 episodes of ventricular flutter and underwent defibrilla- 
tion 35 times. Administration of procainamide was then dis- 
continued and bretylium tosylate, 300 mg, was given intra- 
muscularly, which resulted in prompt disappearance of the 
arrhythmia. Finally, oral adrninistration of diphenylhydan- 
toin, 100 mg three times daily, combined with alprenolol, 400 


FIGURE 1. Case 1. Initiation of 
ventricular fibrillation. All leads 
were recorded simultaneously. Note 
the marked Q-T prolongation after 
the narrow supraventricular QRS 
complexes. 
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FIGURE 2. a, Case 2. Monitor lead 
showing spontaneous termination 
of the ventricular tachyarrhythmia. 
b, Case 3. Monitor lead showing 
initiation and spontaneous termi- 
nation of chaotic ventricular rhythm. 
The registration is continuous. 
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mg twice daily, abolished and prevented all ventricular irri- 
tability. 


Case 3 


A 29 year old woman underwent mitral commissurotomy 
in 1967 because of mitral stenosis with mild aortic incompe- 
tence. In 1972 she had atrial fibrillation with a high ventricular 
rate; after treatment with digitalis, normal sinus rhythm re- 
turned. Administration of digitalis was discontinued on Au- 
gust 28, 1972, and treatment with quinidine bisulfate, 500 mg 
three times daily, was started on the same day. She was dis- 
charged the next day with normal sinus rhythm. During the 
night of September 7, in which she experienced several epi- 
sodes of rapid heartbeat, accompanied several times by loss 
of consciousness and seizures, she was admitted to our de- 
partment. 

On physical examination there were the characteristic 
auscultatory findings of mitral stenosis and aortic incompe- 
tence. Results of routine laboratory blood analysis, including 
. serum electrolyte determinations, were normal. The electro- 

cardiogram revealed sinus rhythm with ventricular bigeminy, 
occasionally interrupted by short periods of ventricular flutter 
and fibrillation, that were recognized by the patient and her 
husband as the fainting spells of that night (Fig. 2B). Ad- 
ministration of quinidine was discontinued, and the attacks 
did not recur. 


Discussion 


A striking point of similarity in our three patients was 
marked prolongation of the Q-T interval after only a 
moderate dose of quinidine. The phenomenon was 
completely reversible 7, 4 and 4 days, respectively, after 
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E. 
al.22 have noted problems in measuring the Q-T interval 
in the presence of prominent U waves. The latter were 
evident only in Case:1; even taking into account the 
precautions suggested by Cheng et al., the “true” Q- 
interval was prolonged by 15 percent in this case. - 33 
In Case 1, verapamil was administered in addition tc 
quinidine. Although this drug’s mode of*action is not 
completely understood, recent reports???^ suggest that 
its antiarrhythmic properties cannot be attributed to 
prolongation of ventricular depolarization and reps 
larization. However, our data do not exclude the pos: 
sibility that ventricular fibrillation in Case 1 was par! 
or completely due to concomitant administration « 
verapamil. K 
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TABLE I 
Relation Between Administration of Quinidine, ORS 


Duration (sec) and Corrected O-T Interval (Q-T.) (sec) in’ 
Three Cases 3 


After Discon: - 


Before 
Quinidine During Quinidine tinuation of . 
Treatment Treatment Quinidine  - 
ORS Dose ORS QRS E 
Case  Dura- (0/24 Dura- Dura- d 


no. tion Q-T. hr) tion Q-Te tion Q-Te 4 


>| 


1 0.06 0.44 0.8 0.08 0.64 0.08 0.44% 
2 0.08 0.42 0.8 0.08 0.72 0.08 0.41. 








discontinuation of the drug (Table I, Fig. 3). Cheng et 3 008 039 12 008 066 0.00 0:999 
before during after p 
quinidine quinidine quinidine 
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FIGURE 3. Three selected leads (Il, V. and Vs) from Case 
1 (upper half of figure) and Case 2 (lower half) before, 
during and 7 (Case 1) and 4 days (Case 2) after discon- 
tinuation of administration of quinidine. There are changes 
in the Q-T interval during administration of quinidine 
without changes in the width of the QRS complex. 


- 3 
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F 
- In Case 2, the episodes of ventricular flutter and fi- 
brillation increased i in frequency after an increase in the 
ose of quinidine, and especially after administration 
of procainamide, but the prolonged Q-T interval had 
Jeen noted before administration of the latter drug. 

Jecause the electrophysiologic properties of procain- 
amide and quinidine are similar, it is not surprising that 
the drugs have a similar clinical effect in the susceptible 
patient. 

Mechanism of quinidine-induced ventricular 
fibrillation: The effects of quinidine on the electrical 
activity of cardiac cells have recently been reviewed by 
Hoffman et ul.2° Whereas true quinidine intoxication 
is usually accompanied by prolongation of the duration 
of the QRS complex, this did not occur in our patients 
(Table I). As long ago as 1929 Davis and Sprague! re- 
E the importance of differences in conduction ve- 
locity and speed of recovery in ventricular muscle as 
factors in the mechanism of initiation of ventricular 
^ 
m 


A 
TABLE T 


Reported Cases of Documented Ventricular Flutter (VFL) 
ar Fibrillation Associated With Quinidine Therapy 


e - 
e " 
L 


Cases 

no. 
E With 
" Digi- Q-T 
b talis Pro- 
US Total Ad- longa- 
E. : Re- minis- tion 
ta References ported tration Noted Remarks 
Davis and Sprague’ 1 1 Digitalis dis- 
b. continued 
be 4 days be- 
| fore VFL 
Acierno and Gubner? 1 1 Digitalis in- 
| toxication 
Efrati? 2 2 Improve- 
1, ment with 
; procain- 
E amide in 1 
E; case 
Rainier-Pope et al.* 2 2 xm à 
Rokseth and Storstein’ 1 1 ar 
Bellet® 1 nn | es 
Selzer and Wray’ 6 6 1 
Davies et al." 1 1 i. 
Brenner et al.” 1 ? 
Rubeiz et al.!? 1 1 1 
Rothfeld et al.'! 1 1 
E and Büthker'? 2 2 E S 
Paul'? 1 ? Digitalis not 
A mentioned 
M but prob- 
E: able 
Seaton!’ 1 1 
Latour et al.'? 2 1 
Stein and Schollmeyer'* 1 1 
Bjerkelund and Skàland'" — 2 2 2 
je Ne and Slodki '? 1 1 

e Neeling '? 1 bn 

Lyon et al.”° 1 No improve- 
M ment with 
p lidocaine 
Kaplinski et al.?' 1 1 1 Improve- 
E: ment with 
| lidocaine 
Total 31 25 
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fibrillation. They also suggested that quinidine and 
digitalis, used in combination, might facilitate the oc- 
currence of this arrhythmia. 

Table II lists reported cases in which syncope occur- 
ring after administration of quinidine was proved to be 
induced by ventricular flutter or fibrillation. There have 
been other reports of the occurrence during adminis- 
tration of quinidine of rhythm and conduction distur- 
bances, such as ventricular tachycardia or complete 
atrioventricular (A-V) block, which in itself may lead 
to syncope, ventricular fibrillation or sudden death.?6 
Therefore Table II includes only those cases in which 
a clear electrocardiographic or monitor observation of 
ventricular flutter or fibrillation during a syncopal at- 
tack was not preceded by another major arrhythmia. 

Table II demonstrates that in almost all cases digitalis 
was given concomitantly with quinidine or withheld 
only a short time earlier. We are not aware of electro- 
physiologic studies documenting dangerous effects of 
this combination of drugs although increased incidence 
of ventricular fibrillation has been reported in the dog 
heart when procainamide and digitalis are administered 
together.” 

Quinidine-associated syncope and Q-T prolon- 
gation syndrome: Q-T prolongation, in the absence of 
QRS widening during quinidine-associated syncope, has 
previously been noted.7:19.17?! One might speculate that 
the ventricular tachyarrhythmias during quinidine- 
associated syncope have the same electrophysiologic 
basis as ventricular fibrillation occurring in the “Q-T 
prolongation syndrome.” It may be that patients 
showing inappropriate lengthening of the Q- T interval 
after administration of quinidine have a “forme fruste” 
of the Q-T prolongation syndrome. Our observations 
suggest that in patients receiving quinidine one should 
monitor closely not only QRS width but also the length 
of the Q- T interval. Further work is needed to deter- 
mine whether the degree of Q- T prolongation will be of 
value in identifying patients who may have ventricular 
tachyarrhythmias after administration of quinidine. 

Treatment: If ventricular tachyarrhythmias develop 
after administration of quinidine, the drug should be 
withheld immediately. As demonstrated in our Case 2, 
drugs with similar pharmacologic effects, such as pro- 
cainamide, ajmaline and disopyramide, should not be 
given. In Case 2 the arrhythmia was controlled by 
combining a beta blocking agent with diphenylhydan- 
toin. This combination of drugs has also been successful 
in controlling ventricular tachyarrhythmias in patients 
with the Q- T prolongation syndrome.39?? The admin- 
istration of lidocaine both by intravenous bolus injection 
and infusion was not helpful in our Case 2. This finding 
is contrary to the experience of Kaplinski et al.?! and in 
agreement with that of Lyon et al.2° 

One may conclude that in patients showing a pro- 
longed Q-T interval and in patients reacting to quini- 
dine and similar drugs with a disproportionate pro- 
longation of the Q-T interval, quinidine and related 
drugs should be considered contraindicated. The pos- 
sible aggravating effect of concomitant administration 
of digitalis deserves further study. 


522 October 1976 The American Journal of CARDIOLOGY Volume 38 
" 


17. 


18. 





References 


. Davis D, Sprague HB: Ventricular fibrillation: its relation to 


heartblock. Am Heart J 4:559-572, 1929 


. Acierno IJ, Gubner R: Utility and limitations of intravenous quinidine 


in arrhythmias. Am Heart J 41:733-741, 1951 


. Efrati P: Quinidine-induced ventricular flutter successfully treated 


with procaine amide. Am J Med 18:348—350, 1955 


. Rainier-Pope CR, Schrire V, Beck W, et al: The treatment of 


quinidine-induced ventricular fibrillation by closed-chest resusci- 
tation and external defibrillation. Am Heart J 63:582-590, 1962 


. Rokseth R, Storstein O: Quinidine therapy of chronic auricular fi- 


brillation. Arch Intern Med 111:184—189, 1963 


. Bellet S: Clinical Disorders of the Heartbeat, second edition. Lea 


& Febiger, Philadelphia, 1963, p 880 


. Selzer A, Wray HW: Quinidine syncope. Circulation 30:17-26, 


1964 


. Davies P, Leak D, Oram S: Quinidine-induced syncope. Br Med 


J 2:517-520, 1965 


. Brenner O, Davison PH, Evans DW: Toxicity of quinidine. Lancet 


2:1184, 1964 


. Rubeiz GA, El-Haij M, Touma A: Successful use of external 


electrical cardioversion in the treatment of ventricular fibrillation 
caused by quinidine. Am J Cardiol 16:118—121, 1965 


. Rothfeld EL, Zucker IR, Crews AH, et al: Ventricular fibrillation, 


a late complication of direct-current countershock. Am Heart J 
69:807-809, 1965 


. Bloem ThJ, Büthker W: Chinidine-syncope. Ned Tijdschr Geneeskd 


110:1307- 1309, 1966 


. Paul MH: Management of supraventricular tachycardia in children. 


In, Mechanisms and Therapy of Cardiac Arrhythmias. 14th Hah- 
nemann Symposium (Dreifus LS, Likoff W, Moyer JH, ed). New 
York, Grune & Stratton, 1966, p 195-204 


. Seaton A: Quinidine induced ventricular fibrillation treated with 


propranolol. Br Med J 5502:1522-1523, 1966 


. Latour H, Puech P, Hertault J, et al: Syncopes aprés réduction 


de fibrillation auriculaire par choc électrique et hydroquinidine. Arch 
Mal Coeur 59:533-548, 1966 


. Stein E, Schollmeyer P: Zwischenfálle bei Chinidinbehandlung. 


Arch Kreislaufforsch 53:70-93, 1967 

Bjerkelund C, Skáland K: Kinidin som Arsak til paroxystisk Ven- 
trikkelflimme. Nord Med 77:76-81, 1967 

Oravetz J, Slodki SJ: Recurrent ventricular fibrillation precipitated 
by quinidine. Arch Intern Med 122:63-65, 1968 


QUINIDINE-INDUCED VENTRICULAR TACHYARRHYTHMIAS—KOSTER AND WE 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 










de Neeling A: Chinidine-syncope en dood. Ned Tijdschr Geneeskd 
112:233-237, 1968 4 
Lyon JL, Donoso E, Friedberg CK: Temporary control of ventricular ` 
arrhythmias by drug induced sinus tachycardia. Arch Intern Me i 
123:436-438, 1969 3 » 
Kaplinsky E, Yahini JH, Barzilai J, et al: Quinidine syncope. Report. 
of a case successfully treated with lidocaine. Chet 62:764—766, - 
1972 È 
Cheng TO, Sutton GC, Swisher WP, et al: Effect of quinidine on 
the ventricular complex of the electrocardiogram with special 
reference to the duration of the Q-T interval. Am Heart J 51: 
417-444, 1956 | 
Singh BN, Vaughan Williams EM: A fourth class of antidysrhythmic 

action? Effect of verapamil on ouabain toxicity, on atrial and ven= 
tricular potentials, and on other features of cardiac function. Car- 
diovasc Res 6:109-119, 1972 E 
Krikler D: Verapamil in cardiology. Eur J Cardiol 121:3—10. 
1974 f 

Hoffman BF, Rosen MR, Wit AL: Electrophysiology and pharm: 

cology of cardiac arrhythmias. VII. Cardiac effects of quinidine and 
procaine amide. Am Heart J 89:804-808; 90:117-122, 1975 | 
Jensen G, Sigurd B, Sandoe E: Adams-Stokes seizures due tt 
ventricular tachyarrhythmias in patients with heart block: preva- 
lence and problems of management. Chest 67:43-48, 1975 A 
Zapata-Diaz J, Cabrera E, Mendez R: An experimental and clinical 
study on the effects of procaine amide (Pronestyl) on the heart. Am 
Heart J 43:854-870, 1952 oa 
Jervell A, Lange-Nielsen F: Congenital deaf-mutism, functional 
heart disease with prolongation of the QT interval, and sudden 
death. Am Heart J 54:59-68, 1957 He i 
Fraser GR, Froggan P, James TN: Congenital deafness associate 

with electrocardiographic abnormalities, fainting attacks and 
sudden death: a recessive syndrome. Q J Med 33:361-385, 
1964 As 
Garza LA, Vick RL, Nora JJ, et al: Heritable Q-T prolongation. 
without deafness. Circulation 41:39-48, 1970 4 
Phillips J, Ichinose H: Clinical and pathologic studies in the he- 
reditary syndrome of a long QT interval, syncopal spells and sudden 
death. Chest 58:236-243, 1970 ^ 
Wellens HJJ, Vermeulen A, Durrer D: Ventricular fibrillation oc- 
curring on arousal from sleep by auditory stimuli. Circulation 46: 
661-665, 1972 1 


October 1976 The American Journal of CARDIOLOGY Volume 38 52: 





Mustard Operation and Creation of Ventricular Septal Defect 


-i 


JAROSLAV STARK, MD 
MARC R. de LEVAL, MD 


JAMES F. N. TAYLOR, MB 
London, England 


"rom the Thoracic Unit, The Hospital for Sick 

ildren, Great Ormond St., London WC1, En- 
gland. This work was supported in part by a grant 
from the British Heart Foundation. Manuscript 
'eceived March, 17, 1976, accepted April 7, 
1976. 
_ Address for reprints: Jaroslav Stark, MD, The 
[Thoracic Unit, The Hospital for Sick Children, 
areat Ormond St., London WC 1N 3JH, England. 


In Two Patients With Transposition of the Great Arteries, 
Intact Ventricular Septum and Pulmonary Vascular Disease 


The condition of patients with transposition of the great arteries, intact 
ventricular septum and severe pulmonary vascular disease is inoperable 
with present techniques. In a series of 260 surgically treated patients with 
transposition of the great arteries and intact ventricular septum, 5 had 
severely increased pulmonary vascular resistance, and all 5 died; post- 
mortem examination confirmed the presence of severe pulmonary vas- 
cular disease. The concept of the “palliative Mustard" procedure was 
applied in two children with transposition of the great arteries, intact 
ventricular septum and pulmonary vascular disease who underwent the 
Mustard operation with creation of a ventricular septal defect. The post- 
operative course was uneventful in both patients. Thirteen and 5 months, 
respectively, after operation, both are physically active and have re- 
spective arterial oxygen saturation levels of 94 and 92 percent. 


'The fate of patients with transposition of the great arteries, ventricular 
septal defect and pulmonary vascular disease has been improved by the 
concept of a “palliative Mustard" operation.! Correction of inflow by 
the Mustard technique is carried out, but the ventricular septal defect 
is left open. This defect provides the necessary vent should the pulmo- 
nary vascular resistance increase. Although the long-term prognosis of 
patients after the palliative Mustard operation remains unknown, the 
procedure increases the systemic oxygen saturation resulting in a sub- 
sequent increase in exercise tolerance and improvement in general 
condition. 

We recently treated two cyanotic severely disabled children who had 
transposition of the great arteries with an atrial septal defect, intact 
ventricular septum and pulmonary vascular disease. We performed a 
Mustard operation and created a ventricular septal defect in the apical 
portion of the muscular septum. The surgical technique and immediate 
results form the basis of this report. This approach may provide useful 
palliation for patients with transposition of the great arteries, intact 
ventricular septum and severe pulmonary vascular disease. 


Case Reports 


Case 1 

The patient was a 5 year old girl, born on June 16, 1969 after a full-term 
pregnancy and normal delivery, weighing 3.4 kg at birth. A cardiac murmur was 
heard at age 3 months and she became cyanotic at age 6 months. Transposition 
of the great arteries and pulmonary atresia was diagnosed clinically. Because 
the cyanosis was increasing and exercise tolerance diminished, she was admitted 
for investigation to another hospital at age 3 years. Cardiac catheterization at 
that time established a diagnosis of transposition of the great arteries, intact 
ventricular septum and atrial septal defect. Over the next 2 years her condition 
gradually deteriorated so that at age 5 years the possibility of Mustard's oper- 
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ation was considered. At this stage, she was referred to our unit 
for operation. On admission in April 1974, she could walk only 
a few meters. She also had repeated lower respiratory infec- 
tions. 

On examination, severe cyanosis and marked clubbing were 
evident. The chest was deformed as a result of a bulging 
sternum and marked bilateral rib depression. The cardiac 
rhythm was regular, the peripheral pulses were all readily 
palpable and the pulse character was normal. The central 
venous pressure was not increased, but the liver was palpable 
1 cm below the right costal margin. The precordial impulse 
was marked and suggested enlargement of the heart, together 
with hypertrophy of the left ventricle. A systolic thrill was 
present, without radiation to the neck. The first heart sound 
was normal, the second single and loud; a third sound of 
moderate intensity was also present. A full length systolic 
murmur was audible over the whole precordium, maximal at 
the left sternal edge; there was no diastolic murmur. Exami- 
nation was otherwise normal. Her weight at this time was 15.2 
kg and height 110 cm. The hemoglobin was 13.2 g/100 ml. 

The chest roentgenogram revealed marked cardiac en- 
largement. The proximal pulmonary vessels were prominent. 
The electrocardiogram confirmed sinus rhythm although the 
P-R interval (0.20 second) was prolonged for the heart rate 
(150/min). There was moderate biventricular hypertrophy. 

The essential findings at cardiac catheterization are shown 
in Table I. The pulmonary arteriolar resistance was greatly 
elevated at 14 units m?. There was no shunt at the ventricular 
level. 

The angiocardiogram confirmed the diagnosis of trans- 
position of the great arteries with intact ventricular septum. 
The aneurysmal dilatation of the main pulmonary artery (Fig. 
1) in the absence of pulmonary valve stenosis may be inter- 
preted as the probable result of progressive pulmonary hy- 
pertension. A lung biopsy was considered but not undertaken 
because cardiac catheterization and angiocardiography con- 
firmed the severe elevation of the pulmonary arteriolar re- 
sistance. The child's condition was considered inoperable by 
standard techniques, but palliation with the Mustard opera- 
tion and the creation of a ventricular septal defect seemed a 
logical alternative. 

Preoperatively the child's hemoglobin was 13.2 g/100 ml. 
This finding, in the presence of an arterial oxygen saturation 
of 46 percent and an arterial partial pressure of oxygen of 34 


TABLE I 
Case 1. Cardiac Catheterization Data 


Oxygen Saturation Pressure 
(96) (mm Hg) 
Superior vena cava 38 
Inferior vena cava 38 y. 
Right atrium 64 (8) 
Right ventricle 45 90/12 
Aorta 46 85/60 (70) 
Pulmonary vein 98 A 
Left atrium 83 (8) 
Left ventricle 85 90/10 
Pulmonary artery 74 90/50 (65) 
Height 110 cm 
Weight 15.2 kg 
Hemoglobin 13.2 g/100 ml 
Body surface area 0.7 m? 
Assumed oxygen consumption 126 ml/min 


Pulmonary blood flow 
Pulmonary arteriolar resistance 


4.05 liters/min per m? 
14 units m? 


Figures in parentheses indicate mean pressure. 
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3 
mm Hg, suggested a relative anemia. It was decided not t 
treat this anemia before operation. 3 

At operation (July 1, 1975) the heart was approached 
through a midline sternotomy. There was a left juxtaposition 
of the atrial appendages and a small left superior vena ce va 
draining into the coronary sinus. The main pulmonary artery 
was grossly enlarged and was compressing the right superior Y 
vena cava. The aorta, which was to the left of fhe pulmonary 
artery, was cannulated with a right-angled metal cann 
Rygg cannulas were placed directly into the right superior. 
vena cava and inferior vena cava. The left superior vena cava i 
was temporarily occluded. 

With the patient on cardiopulmonary bypass and und 
moderate hypothermia (25°C), the right atrium,was opened. 
A large atrial septal defect and the ostia of both atrial ap- 
pendages were visualized. The remnant of the atrial septum 
was excised and the raw area was covered with inferrupte d 
stitches. The coronary sinus was cut back and a trouser- 
shaped pericardial patch was inserted in the usual manner. 
The ostia of both atrial appendages were left behind the baffle, 
that is, on the systemic venous side. An apical left ventricu-| 
lotomy was then performed, and the lowest part of the mus- 
cular septum was excised. The excision was performed from) 
the left side with a finger placed through the tricuspid valve 
into the right ventricle to guide the excision and to prevent. 
damage to the papillary muscle. A defect of approximately 2: 
cm in diameter was created. It admitted a no. 20 Hegar dilato 
on the beating heart. The left ventricle was then closed anc | 
the interatrial baffle completed. The cavity of the pulmona 
venous atrium was very small. This is a constant finding in 
patients with transposition of the great arteries and juxta- 
position of the atrial appendages.? The atriotomy was there- 
fore extended between the right upper and right lower pul- 
monary veins and a gusset of woven Dacron® was inserted t 

enlarge the posterior and lateral walls of this cavity. The pal 
tient was then rewarmed and perfusion was discontinued 
without difficulty. The heart took over in sinus rhythm, the 
blood pressure was 90/60 mm Hg and the PO; 88 mm Hg with 
an inspired oxygen concentration of 50 percent. 





FIGURE 1. Case 1. Left ventricular ANCADA, anteroposterior 
projection. The pulmonary artery arises directly from this ventricle and 
is grossly dilated. There is no valvular or subvalvular obstruction. 
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: i se 2. Cardiac Catheterization Data 


E Oxygen Saturation Pressure 
[o (96) (mm Hg) 
‘Superior vena cava 45 
Inferior vena cava 47 E 
Right atrium ° 54 (4) 
‘Right ventricle ! 45 120/10 
Aorta 44 105/70 (85) 
‘Pulmonary vein 96 e 
Left atrium 86 (6) 
‘Left ventricle 82 110/2 
‘Pulmonary artery 85 105/65 (80) 
f: . Height 106 cm 
je Weight 15.5 kg 
-Hemoglobin 23.5 g/100 ml 
^. . Body surface area 0.68 m? 
Assumed oxygen consumption 102 ml/min 
Pulmonary blood flow 3.75 liters/min per m* 
Pulmonary arteriolar resistance 20 units m? 


Figures | in parentheses indicate mean pressures. 
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The patient was intubated with a nasotracheal tube and was 
Wentilated on the Engstróm ventilator for the next 3 days. She 
went home 11 days after the operation, on a regimen of di- 
Bai furosemide and potassium chloride. Her color was pink 
d she had an arterial oxygen saturation of 93 percent. 
- Onreexamination 10 months after operation a similar but 
less pronounced murmur without thrill was still audible. An 
additional murmur of rough quality heard over the scapula, 
and not present preoperatively, has been attributed to the 
created ventricular septal defect. The second heart sound has 
remained single and loud. It presumably represents the aortic 
omponent, the pulmonary component not being heard on the 
surface of the chest; this is a frequent finding in transposition 
the great arteries, whatever the associated defects. Arterial 
PO. was 71 mm Hg and arterial oxygen saturation 94 percent 
during breathing of room air. The child was active and able 
to walk 2 miles. 


Case 2 


The patient was a 5 year old girl, born June 6, 1970 after a 
full-term pregnancy and normal delivery. Cyanosis and failure 
to thrive were noted at age 2 weeks. Cardiac catheterization, 
performed at age 1 year, established the diagnosis of trans- 
position of the great arteries, atrial septal defect and intact 
ventricular septum. Subsequent follow-up appointments were 
not kept, and the patient was not seen until age 4 years. At 

hat time, she had severe cyanosis and clubbing. The hemo- 
lobin was 19.4 g/100 ml. She was referred for further inves- 
tigation and treatment to our unit. 

On examination, she had cyanosis with clubbing of fingers 
Bid toes. There were no signs of heart failure. The pulse was 
96/min and regular; no murmurs were audible. The second 
heart sound was loud and single; only the pulmonary com- 
ponent was heard. The chest roentgenogram revealed severe 
cardiomegaly with marked enlargement of the pulmonary 
pessels i in the right hilar region. The electrocardiogram dis- 
closed sinus rhythm and right ventricular hypertrophy. 

E _ The findings at cardiac catheterization are shown in Table 
IT. The pulmonary arteriolar resistance was greatly elevated 
at 20 units m2. Right ventricular angiocardiography confirmed 
the diagnosis of transposition of the great arteries and intact 
ventricular septum. 
_ Operation was performed on September 19, 1975. Before 
institution of cardiopulmonary bypass, a biopsy specimen was 
taken from the right lower pulmonary lobe. During bypass, 


E 
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a pericardial baffle was inserted in the usual fashion. A ven- 
tricular septal defect was then created in the apical part of the 
ventricular septum using the same technique as described in 
Case 1. Perfusion was then discontinued without difficulty. 
The patient was ventilated on the Engstróm ventilator for 2 
days. She continued to have sinus rhythm. The lung biopsy 
specimen revealed grade III pulmonary vascular obstructive 
disease. 

The postoperative course was uneventful and she was 
discharged on the 12th postoperative day. The hemoglobin 
was 13 g/100 ml, hematocrit 39 percent, arterial PO; 68 mm 
Hg and arterial oxygen saturation 92 percent. She was taking 
digoxin, 0.1 mg twice daily. Five months later, her color was 
reported to be pink and she had improved exercise toler- 
ance. 


Discussion 


Pulmonary vascular disease develops early in patients 
with transposition of the great arteries and ventricular 
septal defect.?^ The prognosis of patients with trans- 
position of the great arteries, ventricular septal defect 
and patent foramen ovale has been much improved as 
a result of Lindesmith's concept of the palliative Mus- 
tard procedure. Patients have only an atrial baffle in- 
serted but the ventricular septal defect is not closed. 
Their color becomes pink, and their exercise tolerance 
increases.^6 

Although much less common, pulmonary vascular 
disease does occur in patients with transposition of the 
great arteries and intact ventricular septum.?/^? In our 
series of 260 Mustard operations for transposition with 
intact ventricular septum, only five patients had severe 
hypertension with a high pulmonary vascular resistance. 
All five died during or soon after the operation. Because 
the Mustard operation is generally considered con- 
traindicated in patients with a high pulmonary vascular 
resistance, the reported results of the palliative Mustard 
operation for transposition of the great arteries and 
ventricular septal defect! and our own experience with 
this operation encouraged us to offer a similar procedure 
to children who had transposition with an intact ven- 
tricular septum and pulmonary vascular disease. 

We created the ventricular septal defect at the apex 


for fear of inducing atrioventricular block by resecting 


the upper part of the interventricular septum. To our 
knowledge, attempts to create a high ventricular septal 
defect in order to perform Rastelli's operation in pa- 
tients with tranposition of the great arteries and left 
ventricular outflow tract obstruction have not been 
successful.? 

Our immediate results were encouraging. The color 
of each patient became pink, and the arterial oxygen 
saturation level increased from 45 to 94 and from 44 to 
92 percent, respectively. The exercise tolerance of both 
patients greatly increased. 

The long-term prognosis of the patient with trans- 
position and severe pulmonary vascular obstructive 
disease is uncertain. However, previous reports have 
substantiated the significant relief from symptoms and 
improvement in exercise tolerance that the palliative 
Mustard operation provides. The approach described 
herein makes this relief available to the patient with 
transposition and an intact ventricular septum. 
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Cardiac Involvement in the Kugelberg-Welander Syndrome 


Two cases of the Kugelberg-Welander syndrome (juvenile form of pro- 
gressive spinal muscular atrophy) associated with cardiomyopathy and 
cardiomegaly are presented. The first patient, a 24 year old man, had atrial 
flutter with complete atrioventricular (A-V) block due to A-H block. 
Echocardiography revealed an increase in the left atrial and right ven- 
tricular dimensions. The second patient was a 26 year old man whose 
electrocardiogram revealed an A-V junctional rhythm, deep Q wave in 
leads I, aVL and V5 to Vg and an RS pattern in lead V4. Histologic exami- 
nation of the myocardium in Case 2 showed slight interstitial fibrosis. 
Review of previously reported cases shows that (1) the atrium, the ven- 
tricular myocardium and A-V conducting tissue may be involved, and (2) 
atrial arrhythmias, A-V conduction disturbances and congestive heart 
failure may occur in the Kugelberg-Welander syndrome. 


Among heredofamilial degenerative neuromuscular diseases, Friedreich's 
ataxia,’ myotonic dystrophy”? and Duchenne's muscular dystrophy^4^ 
are very often associated with cardiomyopathy. The heart has also been 
reported to be involved in other neuromuscular diseases including the 
Roussy-Lévy syndrome; familial spastic paraplegia,’ the cerebellar form 
of spinocerebellar degeneration,® peroneal muscular atrophy,? spinal 
scapuloperoneal muscular atrophy,!? limb-girdle muscular dystrophy,® 
facioscapulohumeral muscular dystrophy,° distal myopathy,!! ocular 
myopathy'? and scapuloperoneal dystrophy.!? Study of the cardiomy- 
opathy associated with these diseases is of importance, not only from 
the standpoint of clinical practice but also from the standpoint of con- 
tributing to the etiology of idiopathic cardiomyopathy, especially re- 
garding genetic factors in the development of familial cardiomyopa- 
thy. 

The Kugelberg-Welander syndrome is a juvenile form of progressive 
spinal muscular atrophy described by Wohlfart et al.!^ and Kugelberg 
and Welander.!? The characteristic features are (1) onset in childhood 
or adolescence, (2) atrophy and weakness of proximal limb muscles 
followed by involvement of distal muscles, (3) slowly progressive clinical 
course, (4) occurrence of fasciculation and electromyographic and muscle 
biopsy evidence of lower motor neuron lesion, and (5) nonsex-linked 
recessive mode of inheritance. There have been only a few case reports 
of cardiac changes in this syndrome. In this paper, we present two cases 
of Kugelberg-Welander syndrome with cardiac involvement. 


Methods of Cardiovascular Examination 


His bundle electrography: His bundle electrograms were recorded by the 
method of Scherlag et al.!6 using a no. 6 tripolar probe (Castillo) and a multi- 
channel recorder (rectigraph and visigraph, Sanei Sokki Co., Ltd.) with the 
frequency response set at 500 hertz and the time constant at 0.003 second. The 
paper speed was either 100 or 125 mm/sec. Atrial pacing was performed with 
a second catheter positioned against the lateral wall of the right atrium, using 
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a Medtronic 5880 A pacemaker. The P-A, A-H and H-V in- 
tervals were measured according to the method of Narula et 
al.17 

Echocardiography: Echocardiograms were obtained using 
a sonolayergraph model SSL-51 H (Toshiba Co., Ltd.) and a 
2.0 megahertz transducer with a diameter of 1 cm. They were 
recorded on a strip chart recorder (model OR-O1A, Toshiba 
Co., Ltd.). Right ventricular dimension, left ventricular in- 
ternal dimension, left ventricular and interventricular septal 
wall thicknesses, left atrial dimension, aortic root and E-F 
slope and amplitude of the anterior mitral valve leaflet were 
measured according to the method of Feigenbaum.!? 

Endomyocardial biopsy: Myocardial biopsy was per- 
formed using a Konno-Sakakibara endomyocardial biop- 
tome.!? Histologic sections of the biopsy specimens were 
stained with hematoxylin-eosin. 


Presentation of Cases 

Case 1 

A 24 year old tailor was admitted to Kagoshima University 
Hospital because of arrhythmias in October 1974. He seemed 
normal until age 6 years, when it was noted that he was clumsy 
in running. Proximal weakness of the arms was noted several 
years before admission. He was found to have bradycardia at 
age 19 years but he did not experience syncope or palpitation. 
Several weeks before his admission, precordial distress de- 
veloped. One uncle and one cousin were reported to be af- 
fected by neurologic disorders. 


FIGURE 1. Case 1. Electrocardiogram showing 
atrial flutter with complete A-V block. The R-R 
intervals are almost regular and measure 1.4 
seconds. 


FIGURE 2. Case 1. His bundle 
electrogram and electrocardiogram 
(lead ll) showing atrial flutter with 
complete A-V block due to A-H 
block. The His bundle potential is 
recorded before each V wave. The 
H-V interval is 50 msec. 
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On admission, he was well developed. The pulse was 44/mi 
and regular. The blood pressure was 120/60 mm Hg. A grad 
2/6 systolic murmur was heard at the cardiac base. A soft an 
smooth liver was palpable 3 cm below the right costal margir 
The spleen was not palpable. Neurologic examination di: 
closed muscular weakness and atrophy in the proximal portioi 
of the arms and both proximal and distal portions of the legs 
Fasciculations were seen. Only the Achilles tendon reflexe 
were elicited. The gait was waddling. The sensory examinatiol 
was normal. Pes cavus was noted. The electromyogran 
showed a neurogenic pattern. Muscle biopsy revealed neuro 
genic muscular atrophy. The nerve conduction velocity wa 
60 m/sec in the left ulnar nerve. A 

The serum glutamic oxaloacetic transaminase (SGOT) we 
108 units, glutamic pyruvic transaminase (SGPT) was 151 
units and creatine phosphokinase (CPK) ranged from 57.5 t 
84 units (normal less than 35 units). Measurements of serun 
cholesterol, beta lipoprotein, triglycerides, electrolytes, proten 
fractions and blood glucose were all within normal range. Thi 
chest X-ray film revealed moderate cardiomegaly with normé 
lung fields. The electrocardiogram on admission (Fig. 1) re 
vealed atrial flutter with complete atrioventricular (A-V 


oie” 


block. E 
A His bundle electrogram (Fig. 2) showed a sharp and 
phasic His bundle potential (H) preceding each V wave. T 

H-V interval was 50 msec. No A wave was followed by a Hi 
bundle potential. The rate of V waves was 40/min. Thus it wa 
demonstrated that the A-V block was due to A-H block.!? A: 
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ocardiogram (Fig. 3) showed an undulatory pattern of 
nitral valve leaflets, tricuspid valve leaflets and interven- 
ricular septum. Right ventricular and left atrial dimensions 
1.4 and 2.3 cm/m?, respectively) were increased. The elec- 
rocardiogram taken several weeks later revealed sinus 
»radycardia with complete A-V block. Right heart catheter- 
zation revealed normal intracardiac pressures and no intra- 
'ardiac shunt. 


ase 2 


-. A 26 year old man was admitted for further evaluation of 
eart disease in July 1973. He had had difficulty in running 

ce childhood. At age 16 years he noticed proximal muscular 
Es of the limbs and since then had had slowly progressive 
EC in walking. Three months before admission, he was 





FIGURE 4. Case 2. Chest X-ray film showing cardiomegaly. The car- 
Jiothoracic ratio is 0.587. 
T" 


of 
$ 


FIGURE 3. Case 1. Echocardiograms. 
Left, an undulatory pattern synchronous 
with the flutter waves in the electro- 
cardiogram is present in the anterior 
(AMV) and posterior (PMV) mitral valve 
leaflets and interventricular septum 
(IVS). Right, tricuspid valve echoes (TV) 
show the same pattern. 


told that he had cardiomegaly and an abnormal electrocar- 
diogram. He complained of exertional palpitation. An uncle 
and a cousin were reported to have similar abnormality of the 
musculature. 

On admission, he was moderately developed and well 
nourished. The pulse was 84/min and regular. The blood 
pressure was 132/84 mm Hg. On auscultation, a grade 2/6 
systolic murmur at the apex and a grade 1/6 systolic murmur 
at the base were audible. Muscular atrophy and weakness of 
the proximal type were noted. The deep tendon reflexes were 
normal or slightly diminished. The gait was waddling. The 
sensation was normal. The electromyogram revealed a mixed 
neurogenic and myogenic pattern. Muscle biopsy of the right 
quadriceps femoris muscle revealed mixed neurogenic and 
myogenic muscular atrophy. 

The serum electrolytes, SGOT, SGPT, serum protein 
fraction and serum cholesterol were all within normal range. 
The serum CPK ranged from 49.2 to 156.5 units. Serologic 
tests for syphilis were negative. The chest X-ray film (Fig. 4) 
showed cardiomegaly. The electrocardiogram (Fig. 5) revealed 
an A-V junctional rhythm. The mean QRS axis was about 0°. 
There were deep Q waves in leads I, aVL and V5 to Ve, and an 
RS in V;. Small notches in the QRS complex were seen in leads 
II, IIT, aVL and aVF. 

His bundle electrograms showed normal values; the P-A 
interval was 30 msec, the A-H interval 56 msec and the H-V 
interval 40 msec. The A-V conducting response to atrial pacing 
was also normal.?? Right heart catheterization revealed no 
abnormality. A biopsy specimen obtained from the right 
ventricle showed a slight interstitial fibrosis. 


Discussion 


Cardiac involvement: There have been only a few 
reports of the cardiac changes in the Kugelberg- 
Welander syndrome (Table I). In 1971, Sterz et al.?! 
described two brothers with the Kugelberg-Welander 
syndrome who had atrial fibrillation. The older brother, 
aged 35 years, manifested Adams-Stokes syndrome, 
atrial fibrillation and A-V block with idioventricular 
rhythm; he was successfully treated with implantation 
of an artificial cardiac pacemaker. The younger brother 
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had atrial fibrillation and cardiomegaly. Descriptions 
of three patients with Kugelberg-Welander disease and 
cardiomyopathy have appeared in Japanese. Matsu- 
moto et al.?? described a 23 year old man with this dis- 
ease in 1971. The patient had cardiomegaly, ascites, 
hepatomegaly and edema. The electrocardiogram re- 
vealed atrial standstill and low voltage of the QRS 
complexes. Sugimura et al.?? described two other pa- 
tients with this disease. The first was a 23 year old 
woman who complained of exertional palpitation. The 
electrocardiogram revealed first degree A-V block, atrial 
premature beats and paroxysmal atrial tachycardia. His 
bundle electrograms revealed prolongation of the A-H 
interval. Fibrosis of the right atrium was demonstrated 


FIGURE 5. Case 2. Electrocardiogram 
showing A-V junctional rhythm with 
abnormal Q waves and QRS notch- 


ing. 


TABLE | 
Reported Cases of the Kugelberg-Welander Syndrome with Symptomatic Cardiomyopathy 
Case Age (yr) 
no. Reference & Sex Cardiac Symptoms 
1 Sterz et al?! 35M Exertional dyspnea, 
Adams-Stokes syndrome 
2 Sterz et al?! 29M Cardiomegaly 
3 Matsumoto et al.?*? 23M Cardiomegaly, ascites, 
hepatomegaly, edema 
4 Sugimura et al.?? 23F Exertional palpitation 
5 Sugimura et al.?? 31M Dyspnea, cardiomegaly 
6 Present report 24M Precordial distress, 
cardiomegaly 
7 Present report 26M Exertional palpitation, 


cardiomegaly 
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by endomyocardial biopsy. The second patient, a 31 
year old man, had dyspnea. The electrocardiog " 
showed transient atrial fibrillation, atrial prematur 
beats, left axis deviation and T waves suggesting co ro- 
nary disease. Patient 1 in our study had precordial 
distress, cardiomegaly and atrial flutter with complet 
A-V block due to A-H block; Patient 2 had exertion 1 
dyspnea, cardiomegaly, A-V junctional rhythm a nd 
abnormal Q waves. Thus, among seven patients with 
symptomatic heart disease, atrial arrhythmias M 
found in six, cardiac conduction disturbances in fot Ir. 
cardiomegaly in five and frank heart failure i in two. — P 
'The atrial arrhythmias frequently found in patient 
with the Kugelberg-Welander syndrome may inc icat € 
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HBE 


ECG 


A Fib, A-V block with a: —' A 
idioventricular rhythm, - 
implanted cardiac pace- 
maker 

A Fib —. — 

Atrial standstill with A-V — — 
nodal rhythm, low vol- 
tage of ORS 

SVPB, 1^ A-V block, Fibrosis of 
PAT, A-V nodal rhythm normal R 

A Fib, APB, left axis devia- — — 
tion, coronary type T 
wave, slurred R 

AF, complete A-V block 


"C 


A-H block 


«2 


A-H block — 


Normal Fibrosis of RV 


Deep Q in leads l, aVL, 
V, to V,, notched QRS, 
RS in V, 





AF = atrial flutter; A Fib = atrial fibrillation; APB = atrial premature beats; A-V = atrioventricular; ECG = electrocardiogram; HBE = His bt 


dle electrogram; LVH = 
supraventricular premature beats. 


left ventricular hypertrophy; PAT = paroxysmal atrial tachycardia; RA = right atrium; RV = 


right ventricle; SVPB' 
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e presence of atrial disease because right atrial fibrosis 
as demonstrated in a patient who had this disease and 
rial arrhythmias (Sugimura’s Case 1)?3 and because 
Tial standstill was observed in another patient (Mat- 
imoto's case).?? Conduction disturbances (particularly 
lvanced A-V block, found in two patients (Sterz's 
ise?! and Case 2 in our study) suggest the presence of 
‘ganic lesions in the A-V conducting system in this 
mdrome. Cardiomegaly, frank heart failure and the 
athologic changes in the right ventricle demonstrated 
| our study indicate that the ventricular myocardium 
so may be involved. We also observed some degener- 
ed myocytes showing preferential loss of myosin 
laments?^ in the myocardium from a patient with 
ugelberg- Welander. syndrome (unpublished data). 

herefore, the atrium, the A-V conducting system and 
ie ventricular muscle may be involved together, al- 
tough atrial arrhythmias are the most frequent clinical 
ndings. 

Echocardiogram: Echocardiographic findings in the 
ugelberg-Welander syndrome have not previously 
en reported. Both the right ventricular and left atrial 
mensions were increased in Case 1, suggesting right 
mtricular and left atrial enlargement. An undulatory 
ittern of both mitral valve leaflets, both tricuspid valve 
aflets and interventricular septum occurred during 
rial flutter with A-V block. The pattern is caused by 
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atrial flutter.2° To our knowledge, this is the first report 
of such a pattern in the tricuspid valve. 

Neurogenic and myopathic changes: From studies 
of muscle biopsy specimens, electromyograms and blood 
chemistry data, both neurogenic and myopathic changes 
have been found in the skeletal muscle in this syn- 
drome.”®-28 However, it is controversial whether the 
primary site of the lesion is the anterior horn cells or 
both the anterior horn cells and the skeletal muscle it- 
self.26-?5 Tt remains to be determined whether the lesion 
of the anterior horn cells, with or without dystrophic 
changes in skeletal muscle, is related to that of atrial and 
ventricular working myocardium and the A-V conduc- 
tion system of patients with the Kugelberg-Welander 
syndrome. It seems necessary from the practical and 
etiologic standpoints that more attention be drawn to 
the cardiac changes in the heredofamilial degenerative 
diseases, including those in which the association with 
cardiomyopathy is thought to be uncommon. 
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EDITORIALS 


Coronary Arteriography for Everyone? <i 4 


AUGUSTO PICHARD, MD 
New York, New York 


A 52 year old lawyer once had chest pain on the golf 
course and comes to your office for a “heart check up." 
He is fully active and asymptomatic now. The history 
you take suggests a classic episode of angina pectoris. 
The physical examination reveals no abnormalities, and 
the electrocardiogram is normal. You make no specific 
recommendation and ask him to return to see you if the 
symptoms recur. The next week he dies of an acute 
myocardial infarction. 

This tragic but not uncommon history raises a num- 
ber of questions: 


1. Should coronary arteriography be performed in 
everybody to rule out coronary artery disease? Of course 
not. 

2. Should coronary arteriography be performed in 
all patients with a diagnosis of coronary artery dis- 
ease? 

3. Should coronary arteriography be limited to pa- 
tients considered surgical candidates? 


Let us analyze the data currently available in an at- 
tempt to answer the last two questions. 


Prognostic Implications of 
Coronary Artery Disease 


Numerous publications have shed light on the natural 
history of coronary artery disease, but have failed to 
precisely define it. Richards et al.! followed up 456 pa- 
tients with angina pectoris for 25 years. At the end of the 
follow-up period, 445 were dead. Angina pectoris im- 
posed an excess annual mortality over the expected 
survival of the group of 7 percent for men and 5.3 per- 
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cent for women. The Framingham study? showed that t 
within 8 years from the onset of angina pectoris 40 
percent of all men and older women died. Forty-four 
percent of these deaths were sudden. Karly studies 
documented 2:3 that 25 percent of all men with angin 
pectoris had an acute myocardial infarction within E 
years and that half of the men over 45 years old with 
angina pectoris had an acute myocardial infarction 
within 8 years, an annual incidence rate of 6.3 percent. 
These earlier series did not have angiographic confir- 
mation of coronary artery disease. Patients with angina 
pectoris and a history of acute myocardial infarction 
tend to have a worse prognosis than those with angina 
and no previous myocardial infarction, particularly ii 
they have triple vessel disease.*^ | 

The following clinical findings have been studied is 
patients with documented coronary artery disease for 
their predictive prognostic value." Age, smoking anc 
obesity have been found to be of little prognostic im- 
portance. Cholesterol level has been shown to be unre- 
lated to 5 year mortality. Diabetes and hypertension 
have some prognostic significance, mostly related to a 
high proportion of multiple vessel involvement. The 
duration of symptoms has limited influence on prog- 
nosis since the high mortality rates in those with longer 
duration of symptoms are explained by a greater inci- 
dence of multiple vessel involvement. The character of 
symptoms, that is, atypical chest pain or stable angina 
(class I, II, III or IV), is poorly related to prognosis and 
to the severity of coronary arterial involvement.6-5 

The electrocardiogram has a limited prognostic or 
predictive value. The prognosis is better when the pa- 
tient has a normal electrocardiogram and worse when 
a pattern of myocardial infarction or conductive ab- 
normalities are evident.’ In patients with a normal 
electrocardiogram the prognosis will depend on the 
number of coronary arteries involved. 

Exercise testing is more sensitive than a norm 
resting electrocardiogram for the diagnosis of possible 
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a artery disease and has a better prognostic 
ue. The percentage of positive results increases with 
he severity of coronary artery disease!? and very posi- 
fre results are associated with multiple vessel in- 
olvement.!! The problem of false positive and false 
zai tesults has not yet been resolved and requires 
arification.* 

- The coronary arteriogram is important for the 
ivaluation of prognosis. It has been demonstrated that 
he prognosis is directly related to the number of vessels 
nvolved^-? and to left ventricular function.? The 
rognosis becomes worse as left ventricular function 
eteriorates*and the number of vessels involved in- 
eases. 

. Thesesfindings indicate that the 5 year mortality of 
atients who are asymptomatic depends mainly on the 
verity of coronary arterial involvement and left ven- 
ricular function; they also indicate that the prognosis 
n patients with one, two or three vessel disease is not 
he coronar altered by the clinical findings. Therefore, 









coronary arteriogram and analysis of the left ven- 
ulogram provide the most accurate means of eval- 
lating the prognosis in coronary artery disease. 


; Coronary Arteriography: Risk and Benefits 


* Coronary arteriography is today a procedure that can 
ke performed with a high diagnostic yield and low 
orbidity and mortality rates. A nationwide study of 
‘76 hospitals that performed 89,079 coronary angio- 
rams in 1973 and 1974 showed a 0.10 to 0.30 percent 
nortality rate for studies performed with the brachial 
echnique and a 0.15 to 0.16 percent mortality rate for 
hose performed with the femoral percutaneous tech- 
Li q'"^.'? In an earlier report from the same investiga- 
ion, 13 mortality was related to the experience of the 
ingiographer (1.4 percent mortality rate in hospitals 
'erforming less than 50 cases a year versus 0.09 percent 
nortality rate in those performing more than 800 cases 
| year), and the rate of complications was directly re- 
E to the duration of procedure. 
'The major contraindications for coronary arteriog- 
aphy are severe associated diseases, gross obesity, i in- 
lequate equipment and, most importantly, an inex- 
yerienced angiographer.!4 
- Among patients undergoing coronary arteriography 
vith the diagnosis of chest pain, 17.6 to 31 percent are 
ound to have no obstructive coronary artery disease 
ind can be advised to lead an active life.!°-!® At the 
ither extreme, 2.7 to 6 percent of all patients undergoing 
oronary arteriography are shown to have significant 
B Guction of the left main coronary artery.!!:!% Be- 
ween these two extremes, differing but significant 
roportions of patients are found to have single, double 
ind triple vessel involvement. 
£ Several centers have accumulated a large experience 
vith coronary angiography performed on an outpatient 
jasis. No additional risk for the patient is reported. 
l'herefore, it is entirely possible that this modality 
night allow future study of a large population of persons 
vith proved or suspected coronary artery disease at a 
ninimal patient and hospital cost. 
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Surgical Treatment of 
Coronary Artery Disease 

Coronary bypass surgery can be performed with a low 
surgical mortality rate of 0.7 to 5 percent.?9-?? Surgical 
results in relation to symptomatic improvement have 
been excellent?* and are correlated with the complete- 
ness of revascularization. In patients with complete 
revascularization, 86.6 percent became completely 
asymptomatic and 11.7 percent were in functional class 
II (criteria of the New York Heart Association); only 1.6 
percent remained in functional class III and no patient 
has class IV symptoms.?? The correlation between 
symptomatic relief, completeness of revascularization 
and graft patency is supported by results of exercise 
testing.?6 

Recent reports from various centers now provide 
persuasive evidence that myocardial revascularization 
performed by skilled teams improves the survival rate 


in patients with double and triple vessel disease.?9:2?.27- 
30 


The Diagnostic Approach to 
Coronary Artery Disease 
With all these data currently available to the physi- 
cian treating patients with coronary artery disease, it 
appears imperative that he consider coronary angiog- 
raphy: (1) to ascertain that the diagnosis is correct, and 
(2) to determine the stage of the disease in each indi- 
vidual patient as the basis for making logical decisions 


regarding proper therapy. It is vital that there be ap- 


preciation of the relative unreliability of clinical criteria 
that heretofore have been used as indexes of severity 
and prognosis (age, functional class, duration of 
symptoms, resting normal electrocardiogram, and so 
forth). Furthermore, current concepts of clinical prac- 
tice require that the patient as well as the cardiologist 
be aware of the severity (or lack of severity) of the dis- 
ease and its implications. 

The appropriate diagnostic evaluation of the 52 year 
old lawyer who consulted a cardiologist for objective and 
quantitative information regarding “his heart," should 
have included an exercise tolerance test and coronary 
arteriography. If it had been found that he had severe 
multiple vessel involvement, revascularization surgery 
would have been the appropriate recommendation, 
thereby significantly improving his chances for survival. 
If single vessel involvement had been discovered, par- 
ticularly of the right or the circumflex coronary artery, 
intensive medical therapy would have been recom- 
mended. In this specific case, the chances for survival 
appear to be similar to those of surgical therapy. 

The history of this patient constitutes a representa- 
tive example of the need for coronary arteriography as 
part of the evaluation of the patient with coronary ar- 
tery disease, and of some of the consequences resulting 
from the management of these patients without the 
information provided by coronary arteriography. It is 
possible that in the future noninvasive techniques will 
provide the clinician with enough information regarding 
the extent and severity of coronary artery disease to 
permit a more limited selection of patients for coronary 
angiography. 
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"he editorial by Pichard! is an example of the change 
1 thinking about coronary artery disease that has come 
bout in thé last 10 years. Many people rejected the idea 
f coronary arteriography during its infancy. Perhaps 
his skepticism was justified because surgical treatment 
f coronary disease was then limited to techniques of 
uestionable benefit. The clinician had few alternatives 
ð clinical diagnosis and treatment using drugs that did 
ot change the natural history of the disease. It was 
opular to reserve consideration of surgical treatment 
yr patients with uncontrollable pain. Fortunately, ag- 
ressive surgical groups improved their approach to the 
roblem and developed direct revascularization tech- 
iques that are still in need of long-term evaluation but 
ave already increased the survival time of selected 
atients. 

Obviously, a disease so unpredictable in its mani- 
Bistions and progression, and so lethal, justifies a 
idical approach in an effort to improve the miserable 
sults recorded in the past. I suspect that the trend will 
e toward more aggressive coronary arteriographic 
judy and that Pichard has indicated the direction of 
ture diagnosis and treatment. 

_I have, at present, a somewhat more reserved position. 
believe that patients who have a normal exercise 
ectrocardiogram at near maximal heart rate do not 
ave active myocardial ischemia and are at low risk for 
ronary death. This is not to say that they do not have 
onary artery disease, either arteriosclerotic or spastic 
inctional in origin. Since there is some risk, although 
is small, to the patient undergoing coronary arteri- 
bm the Department of Cardiology, St. Lukes Hospital and Texas Heart 
stitute, Houston, Texas. 
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coronary Arteriography: Selection of Patients 


ography, we can certainly select for arteriographic study 
a subgroup of patients at high risk, such as those with 
positive exercise electrocardiographic tests. There are 
clear exceptions to this dogmatic grouping: Knowledge 
of the anatomic distribution of coronary artery disease 
will not change the treatment plan of some patients 
because they have other serious disease; by contrast in 
some patients with previous myocardial infarction and 
a negative exercise test the psychological benefit alone 
is enough to justify arteriographic demonstration of the 
coronary arteries. 

These views may be considered reactionary in the 
next few years, but at present I have a philosophic res- 
ervation to recommending coronary arteriographic 
study to every patient with chest pain. What of the 


patients without pain? If one extends the fundamental 


thesis of prolonging life, then one has to be concerned 
about those patients with coronary disease who never 
have pain (neuropathy in some diabetic patients?) and 
patients who have shortness of breath on exertion 
(ischemic decrease in left ventricular compliance?) but 
who have no pain. Should we conclude that all men over 
age 40 years and all women 5 years after the menopause 
should have prophylactic study? 

The exercise electrocardiogram is not the perfect 
answer, but it is the only tool we now have for making 
some reasonably noninvasive selection of patients at 
risk. The rapid expansion of radioisotope techniques 
and their many potential applications to the study of 
the metabolism and perfusion of the heart during ex- 
ercise, and particularly in the identification of ischemia, 
offer hope that in the near future we will have other 
noninvasive aids in selecting the patient at risk who 
needs arteriographic study. 


Reference 


1. Pichard A: Coronary arteriography for everyone? Am J Cardiol 
38:533-535, 1976 


*. 
. 


6 October 1976 The American Journal of CARDIOLOGY Volume 38 


AE a A a a aa con onm reme REN 
T d EX A t . 


N 


DOUSLAWYSENT DE 
ato ORM 


Coronary Arteriography 1976—For Whom? 


STEPHEN J. GULOTTA, MD, FACC 
New York, New York 


The introduction of selective coronary angiography by 
Sones and Shirey! has brought about major advances 
in the evaluation and treatment of coronary artery 
disease. Selective coronary arteriography can precisely 
define the extent and distribution of coronary disease 
in man during life. As a result of Sones’ contributions, 
interest in direct coronary revascularization was re- 
newed so that now surgical management of coronary 
artery disease has become routine in many large medical 
centers. Despite 8 years of extensive clinical experience, 
the indications for operative intervention remain un- 
clear in many clinical situations. A major difficulty is 
determining which subjects are in need of arteriographic 
study, for in order to make rational decisions both the 
natural history of coronary artery disease and the 
long-term effects of surgical treatment must be 
known. 


Current Patterns of Practice 


In our institution, selective coronary angiography is 
performed for a variety of indications. Angiographic 
studies are performed to (1) evaluate patients with an- 
gina pectoris being considered for surgery; (2) assess the 
results of saphenous vein bypass graft surgery; and (3) 
evaluate patients with chest pain of unknown origin. 

Surgical management of cornary artery disease is 


‘commonly accepted practice in patients with (1)severe 


angina pectoris unresponsive to optimal medical man- 
agement who have adequate distal runoff and reason- 
ably good left ventricular function; and (2) severe left 
main coronary disease with 75 percent or greater nar- 
rowing of luminal diameter. However, indications for 
surgical management of patients with several other 
clinical conditions is less clear. This group includes (1) 
patients with preinfarction angina; (2) patients with 
nondisabling stable angina; (3) patients who, after their 
first or second myocardial infarction, are asymptomatic; 
and (4) asymptomatic patients who have had one or two 
anginal episodes in the past. 

Although others, such as Pichard,?might take a more 
aggressive stance and recommend coronary angiography 
for all patients suspected of having coronary artery 
disease regardless of their symptoms, we now take ex- 
ception to this approach because it presupposes that 
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that surgical therapy prevents myocardial infarction: 
and promotes longevity. This is not yet the case. ^. 

It is generally agreed by most cardiologists that cor- 
onary bypass surgery relieves or abolishes anginal 
symptoms in 80 to 90 percent of patients. Results of. 
longer follow-up studies from many centers suggest that 
75 percent of survivors remain improved symptomat i- 
cally even 4 years after surgery.? Objective as well as 
subjective improvement has been noted as evidenced: 
by increased exercise tolerance and improved hemo- 
dynamic status, both of which correlate well with graft. 
patency.^? Thus, there is little question concerning th 
immediate value of coronary surgery. What effect cor- 
onary surgery will have on the survival of the patient 
with coronary artery disease remains to be seen. $ 

Several surgical groups have now reported prolonged 
survival for surgically treated patients by comparis n 
with medically treated patients." However, most sur- 
gical studies are retrospective, fail to define mite 






and lack randomization. Nevertheless, some cumulative 
surgical experience suggests that survival is in fac 
prolonged and that symptoms are significantly relievec 
in selected subsets of patients. One such set is compos | 
of patients with severe occlusion of the left main coro: 
nary artery. The outlook for these patients is grim when 
they are treated medically®; surgical intervention has 
improved both survival rate and functional capaci- 
ty.9.10 1 
Another group of patients that might benefit from 
surgery are those with unstable or preinfarction angina. 
The variability in definitions and the lack of general 
agreement as to what constitutes preinfarction angina 
have made objective assessment of this group extremely 
difficult. Thus, reported mortality rates for such pa- 
tients range from 3 to 40 percent.!! The marked dis- 
parity in these figures is obviously due to differences in 
the rigor with which the preinfarction state is defined. 
Adherence to a rigid definition (severe chest pain at 
complete bed rest, transient reversible S-T segment 
depression of 2 mm or more occurring with pain and no 
electrocardiographic or enzyme evidence for acute 
myocardial infarction) permitted identification of a 
subset of patients truly at high risk for myocardial in- 
farction.!? Emergency surgical therapy performed im- 
mediately after angiographic evaluation decreased the 
rate of infarction and improved survival rate. Conti et 
al.,!! reporting on a similar group of patients, found no 
significant difference in morbidity and mortality be- 
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tween the surgically and medically treated groups. A 
more detailed study of this unstable group of patients 
s clearly needed. 


1 Goals and Future Directions 


-—. The overwhelming consensus is that most patients 
with severe ‘angina unresponsive to optimal medical 
management improve symptomatically after coronary 
bypass surgery. That the operation improves the quality 
of life in these patients is incontrovertible and, since it 
is clear that surgery does not shorten survival time, 
operative intervention will be the mainstay of therapy 
in this group and justifiably so. 

_ But what about the clinical situations previously al- 
luded to? Should all patients with known or suspected 
coronary artery disease undergo coronary angiography? 
Does a single episode of angina pectoris dictate the need 
for coronary angiography? Serial angiographic studies 
performed in all patients with suspected coronary artery 
disease would unquestionably provide objective data 
on the natural history and progression of coronary 
atherosclerosis, but such a procedure is certainly not 
warranted. At least not until or unless prospective 
studies demonstrate unequivocally that coronary bypass 
surgery prevents myocardial infarction and increases 
long-term survival. 

_ Until then, we as clinicians should strive to identify 
patients at high risk of having an acute myocardial in- 
farction or death. Patients with severe angina at rest or 
on minimal exertion associated with inordinate pro- 
longed shortness of breath may have left main coronary 
disease or severe multivessel disease?:!? and should be 
studied. Similarly, patients satisfying the criteria cited 
for preinfarction angina should undergo coronary an- 
giographic evaluation. Other patients at high risk can 
be identified with noninvasive techniques. 

E A readily available and widely used tool is the post- 
exercise electrocardiogram, which provides information 
not available from coronary angiography alone. The 
various exercise tests, which are easily performed and 
relatively free of risk, attempt to test the physiologic 
adequacy of the myocardial blood supply. They are by 
10 means capable of ferreting out all patients with 
coronary artery disease from the normal population but, 
when performed carefully and interpreted properly (so 
mportant!), they do identify patients who are at high 
‘isk of having a major coronary event. Several studies!4- 
© have shown a good correlation between the number 

Xf angiographically demonstrable diseased coronary 
vessels and the frequency and degree of abnormality in 
ihe postexercise electrocardiogram. Thus, 95 percent 
Xf patients with S-T segment depression of 2 mm or 
nore had two or three had vessel coronary artery dis- 
‘ase, and 72 percent had three vessel disease. !4 

_ Robb and Seltzer!” recently reviewed the results of 
he Master double two-step test administered to 3,325 
nale applicants for life insurance who were then fol- 
owed up for an average of 9 years. They found that the 
legree of ischemic S-T segment depression was related 
0 the severity of coronary artery disease and ultimately 
0 prognosis. Thus, the mortality rate in their grade III 
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cases (2 mm or more depression) was 6 times greater 
than in grade I cases (less than 1 mm depression). The 
observation that a severe degree of S-T depression in- 
dicates the presence of severe triple vessel disease!4:16 
and a poor prognosis!’ lends a quantitative capability 
to the exercise electrocardiogram and identifies the high 
risk patient. 

Another promising area of investigation utilizes ra- 
dionucleotides in assessing the adequacy of myocardial 
blood flow. Along with potassium-43, cesium-129 and 
rubidium-81, thallium-201 is an intracellular monova- 
lent cation that concentrates in normal myocardium in 
direct proportion to the coronary blood flow. Although 
still in the early stages of evaluation, thallium-201 ap- 
pears to have the best biologic and physical character- 
istics of this group of isotopes. With the new high reso- 
lution gamma scintillation cameras now available, 
measurement of myocardial ischemia by thallium-201 
imaging has become feasible. With this technique areas 
of ischemia or infarction appear as zones of decreased 
tracer uptake, that is, perfusion defects. 

Since physiologic studies have demonstrated that 
normal resting flow can occur in coronary arteries with 
50 to 70 percent narrowing of the luminal diameter, it 
should not be surprising that myocardial perfusion 
images obtained at rest in this setting might well be 
normal.'® However, scans performed during the stress 
of exercise will readily identify these patients. Areas of 
myocardium supplied by a critically narrowed artery 
cannot experience a significant increase in the coronary 
blood flow during exercise and will therefore show up 
as a perfusion defect. The larger the defect the greater 
the area of ischemia. Zaret et al.,!? using potassium-43, 
have suggested that a perfusion defect noted both at rest 
and during exercise is indicative of myocardial scarring, 
whereas an abnormal scan noted only during exercise 
is due to transient myocardial ischemia. A normal 
myocardial perfusion scan during stress rules out a he- 
modynamically significant coronary lesion with a high 
degree of certainty. 

In our present state of knowledge, angiographic 
evaluation of presumed patients at low risk is not jus- 
tified. However, an urgent need exists for reliable data 
regarding the effects of coronary artery bypass surgery 
in patients with ischemic heart disease at high risk of 
having a major coronary event. Patients in this category 
should be evaluated hemodynamically and angio- 
graphically, placed in several sharply defined clinical 
subsets and entered into a randomized prospective 
study comparing short- and long-term results of coro- 
nary bypass surgery with those of medical management. 
For such data to be meaningful the severity of the dis- 
ease must be precisely defined anatomically and phys- 
iologically. The subsequent clinical course and the 
surgical and medical management must be meticulously 
defined. The data derived from patients managed op- 
eratively must be compared with the clinical course of 
similar patients characterized in the same fashion but 
treated medically. Information derived from this type 
of study will enable us to make individual recommen- 
dations for therapy on a more rational basis. 
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e WHOLE PAPER 


a Address manuscript to Managing Edi- 
or, American Journal of Cardiology, 
6 Fifth Ave., New York, NY 10019. 

^ Submit two copies of all elements of 

article: text, references, legends, ta- 

sles and figures. 

» Arrange the paper in this order: (1) 

itle page; (2) abstract; (3) text; (4) ref- 

»rences; (5) legends; (6) tables; and (7) 

igures. 

» Number all pages in above se- 
juence, beginning with title page as 1, 

abstract as 2, etc. 

» Type all matter: (1) on 81 X 11 

»paque white bond paper; (2) in dupli- 

cate; (3) on one side of each sheet only; 
4) double-space; (5) leave wide mar- 
ins, all four sides. 


THE TITLE PAGE 


. Include first names, degrees and, 
where applicable, FACC for all authors. 
» Provide a short running title of 3 to 6 
vords. 
e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

- Add at bottom the phrase "Address 
b reprints: ...” followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major. articles; 50 to 100 
words for case reports. 

« Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


. Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 

Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 






The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 


the responsibility of the authors. Authors will assist the editors in the prompt 


processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 1» 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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We Scan Both 


That's why physicians, clinics, and hos- 
pitals throughout the country prefer our 
Holter scanning services and have made 
us the world's largest scanning center. 
They know that only CARDIO-DYNAMICS 
offers them a spectrum of Holter 
analyses at economical prices, for both 
Dyna-Gram® cassettes and Avionics 
reels, both 12-hour and 24-hour tapes. 


Find out how CARDIO-DYNAMICS can 
improve your Holter program. For further 
information, please contact: 


| l CaralIoO-DYNAMICS 
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Cardio-Dynamics Laboratories 
lly 12401 West Olympic Blvd. 
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FOR THE PHYSICIAN WITH SPECIAL INTEREST IN 


CARDIOLOGY 


THE UNIVERSITY OF MIAMI SCHOOL OF MEDICINE 
DEPARTMENT OF MEDICINE 
presents 


“INTERNAL MEDICINE ASSEMBLY 1977” 


Fontainebleau Hotel January 13-23, 1977 Miami Beach, Florida 
Directors: William J. Harrington, M.D., Eric Reiss, M.D., and Neal S. Bricker, M.D. 
Program Coordinator: Jose S. Bocles, M.D. = 


For each of the past eleven years, the Department of Internal 
Medicine of the University of Miami School of Medicine has 
conducted an annual course on recent advances in internal 
medicine. Because many internists also have a subspecialty, 
a new format is being initiated. /n addition to the well-established 
five-day course, comprehensive subspecialty reviews lasting 
for one and one-half to four days will be presented before and 
after the main program as scheduled below. Guest and University 


of Miami faculty will present the most important aspeets of the 
subspecialties with emphasis on current developments and their 
practical clinical applications. 


Enrollment is possible in the main meeting, one or more sub- 
specialty courses, or any combination that the schedule per- 
mits. 
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“CARDIOLOGY 1977" 
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“GASTROENTEROLOGY-HEPATOLOGY 1977" 
Jan. 14-16 (Fri.-Sunday) 





“NEPHROLOGY 1977” 
Jan. 14-15 (Fri.-Saturday) 


“TOMORROW’S DIAGNOSES AND NEXT 
YEAR'S TREATMENT" 
Jan. 14-15 (Fri.-Saturday) 





REGISTRATION FEES: 

"Internal Medicine 1977’’—$350 

One subspecialty course—$ 150 

"Internal Medicine 1977" and one subspecialty 
course—$425 

"Internal Medicine 1977" and two subspecialty 
courses—$500 

Special rates for physicians in training with letter from 
their Chief. 

Checks should be made payable to: U/M INTERNAL 
MEDICINE ASSEMBLY” is 
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“IMMUNOLOGY-INFECTIOUS DISEASES 
1977” 
Jan. 22-23 (Saturday-Sunday) 





*ENDOCRINOLOGY 1977" 
Jan. 22-23 (Saturday-Sunday) 





«PULMONARY DISEASES 1977" 
Jan. 22-23 (Saturday-Sunday) 


“RHEUMATOLOGY 1977" 
Jan. 22-23 (Saturday-Sunday) 


For information and application write to: 

J. Bocles, M.D. 

Department of Medicine 

University of Miami School of Medicine 

P.O. Box 520875 

Miami, Florida 33152 

Phone: (305) 547-6063 

HOTEL: The Fontainebleau Hotel in Miami Beach has 
reserved a limited number of rooms, available from 
January 12 through January 23, 1977. Special rates 
are $43/Single and $47/Double. 
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Further, Pickers human 
engineering concept has 
resulted in the System 80C 
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to-operate and readily adaptable 
system for maximum clinical 
utilization. 
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Picker’synergy —the complete 
interfacing of systems and 
services for improved diagnos- 
tic visualization. 
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Greenwald's Nyboer Esophageal Electrode incorporates 

many superior features in a design which can be used with any 
standard electrocardiograph. The esophageal electrocardiogram 
is recorded with the electropositive deflection directed 

upward and the electronegative deflection directed downward; 
therefore, results can be compared with precordial exploratory 
electrocardiograms which are recorded in the same way. 


Greenwald Nyboer Esophageal Electrodes are available in 
styles with from one to fifteen contact stations spaced at 5 CM 
intervals on a 75 CM soft rubber catheter tube. Exploratory 
leads can be selected systematically from any point behind 
the heart by connection to the proper station on the terminal 
board. Separate flexible internal wires make connection 
between each contact station and its corresponding terminal 
board binding post for connection with the 
electrocardiograph. The technique for passing the tube 

is the same as with other enteric tubes. 


Call 219/962-1604 or write today for 
Greenwald's catalog of superior Electro- ° _—iitRo sunsicat-urovocicar 
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LETTERS TO THE EDITOR 





PHASIC LEFT VENTRICULAR BLOOD VELOCITY 
ALTERNANS IN MAN 


The article by Desser and Benchimol! may be “the first 
comprehensive description of left ventricular blood velocity 
alternans in man," but the implication that man is different 
from other species in terms of basic myocardial mechanisms 
is a dangerous one. It permits the authors to ignore a large 
body of animal experiments performed with superior tech- 
nology, measurement of more independent variables and more 
control over circumstances. In addition, it becomes a ration- 
alization for subjecting patients to procedures with real risk 
for data that are not new. 

The authors measured velocity with a Doppler catheter 
flowmeter. (They emphasized radiotelemetry in the abstract, 
but there is no advantage to telemetry for transmission of 
information in a catheterization laboratory, where one more 
wire would make very little difference.) They imply that their 
beat to beat blood velocity measurements are superior to beat 
to beat pressure measurements previously reported from 
many clinical centers, but it is physically unreasonable to 
expect any qualitative differences: Resistance to flow requires 
10 to 15 seconds for a substantial change. In actual measure- 
ments under controlled conditions, the single best predictor 
of beat to beat systolic pressure was the peak flow velocity.? 
This relation is based on physics rather than species and 
cannot easily be ignored. One could use a noninvasive trans- 
cutaneous Doppler flow measurement of the brachial artery, 
or any other artery, if something beyond pressure was desired. 
Peak velocity is only that, and does not constitute stroke 
volume measurements; these would require fixation of the 
catheter and certain knowledge of the cross-sectional area of 
the aorta at the site of measurement. 

We studied pulsus alternans in dogs with measurement of 
left and right ventricular stroke volumes, peak velocity, aortic 
and left ventricular end-diastolic pressures and continuous 
measurements of the left ventricular diameter.? Our data 
made a strong case against the possibility that alternans was 
caused by “beat to beat variations in end-diastolic fiber 
length." We found a wide variation between the end-diastolic 
fiber length and left ventricular stroke volume. In fact, the 
correlation coefficients were frequently negative. In addition, 
by mathematical modeling, we showed that heterometric 
autoregulation should dampen out pulsus alternans very 
quickly rather than cause sustained alternans. In this regard, 
the “classic high-low phenomenon,” which the authors fail to 
attribute to anyone, was first shown in our study. This phe- 
nomenon is important, since alternation was previously at- 
tributed to a normal beat alternating with a weak beat, 
whereas our data showed alternation between a potentiated 
beat and a weak beat. This observation led to the conclusion 
that the cause of most instances of alternation was alternating 
inotropic state. 

Physicians owe it to their patients to learn as much as 
possible about illnesses, but at the lowest risk possible for the 
patient. Animal studies present that opportunity, particularly 
when the mechanisms involved are quite basic. I suggest that 


a 
journals have an ethical obligation to discourage studies wit 1 
risk to patients that do not add substantial information to the: 
body of knowledge about a pathologic processesuch as alter- - 
nation. 


Warren G. Guntheroth, MD . | 3 
Division of Pediatric Cardiology Nn 
University of Washington School of Medicine 


Seattle, Washington a S 
| 
References d 
1. Desser KB, Benchimol A: Phasic left ventricular blood velocity alternans in man. Am | 
J Cardiol 36:309-314, 1975 
2. Guntheroth WG, Morgan BC, Mullins GL: Effect of respiration on venous return and stroke. 
volume in cardiac tamponade. Circ Res 20:381-390, 1967 


3. Guntheroth WG, Morgan BC, McGough GA, et al: Alternate deletion and potentia ion- 
as the cause of pulsus alternans. Am Heart J 78:669-681, 1969 t 


REPLY 


1. The implication that other species are identical to man 
in terms of basic myocardial mechanisms is a dangerous one. | 
Fortunately, investigators interested in human cardiac al- 
ternation have available a substantial number of references: 
based on data obtained with "superior technology" from man. | 
If “control over circumstances” implies alteration of inde- 
pendent or dependent variables during experimentation, ther a 
the results become even further removed from the settingi ol 
the natural phenomenon. 1 

2. It is possible that right ventricular pacing and intra- 
vascular blood flow measurement as performed in Gunth-) 
eroth’s laboratory represent a major patient risk. If that is a 
case, then we definitely agree that he should restrict his ac- 
tivities to experimental animals. During the past few years we 
have performed rapid right ventricular pacing and simulta- 
neous intravascular blood velocity measurements on mo 
than 5,000 occasions in 1,000 patients. Such study has not been B 
associated with a single untoward incident. This record 
compares favorably with most statistics cited for routine in- 
travascular study in man. 4 

3. If Guntheroth prefers having unnecessary extra wires 
in his catheterization laboratory, then that is his preroga- 
tive. 

4. We did not imply that beat to beat blood velocity mea- 
surements were superior to pressure measurements. Gunth- 
eroth's statements regarding pressure and flow are unsound. 
If pressure is related to the product of flow and resistanc 
then: (a) It is physically reasonable to expect qualitative dif- | 
ferences between blood velocity and pressure in nonrigid 
chambers. Such phenomena are well documented. (b) Resis- 
tance to flow does not require 10 to 15 seconds for a substantial. 
change. (c) Peak flow velocity may be directly related to peak 
intravascular pressure during basal conditions in dogs but 
these two measurements are not uncommonly discrepant 
during cardiac arrhythmias in man. 
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_ 5. The blood velocity levels described in our paper were 
recorded within the left ventricle. If the study was concerned 
with brachial arterial blood velocity then a transcutaneous 
Doppler velocimeter might have proved useful. In fact, we 
‘have demonstrated the advantage of that method. 

_ 6. Comments relating to aortic cross-sectional area are not 
relevant since the blood velocity measurements were made 
within the left ventricle. Interestingly, weaker ventricular 
— ——. 

| contractions producing decreased stroke volumes, generally 
produce lower aortic peak blood velocities. We believe that 
these relations do not occur by chance alone. 

| 7. The purpose of our paper was not to resolve controversy 
concerning the underlying cause of mechanical alternation. 
|On page 313*we considered the possibility of disparate end- 
diastolic fiber lengths or differences in inotropic state as 
n nechanigms responsible for pulsus alternans. Other investi- 
gators concentrating on this aspect of alternation could 
probably present equally forceful arguments supporting their 
| views on the subject. On the other hand, Guntheroth's results 
ir no way conclusively prove that alternate deletion of con- 
'tractile elements is the sole cause of pulsus alternans. Oddly, 
the phasic flow recordings in figures from his paper do not 
| contain calibration standards. The method utilized for stroke 
"volume estimation in dogs with large diameter thick-walled 


[» 


Silastic® tubes passed into the left ventricle through an apical 
incision is open to question. 

| 8. In human subjects, alternation is not confined to po- 
|tentiated and weak beats. Normal beats may alternate with 
| weak beats, and all combinations have been observed. 

-. 9. Classic “high-low” alternation was demonstrated before 
| publication of the paper of Guntheroth et al. 

| 10. We are not aware of any other study in experimental 
animals or man that has demonstrated rate-related shifts of 
|co ncordant and discordant blood velocity alternans, variant 
| 2:1 blood velocity alternation or diastolic blood velocity al- 
te rnans at the mitral valve during cardiac pacing. If Gunth- 
-eroth has subjected similar data to editorial review and it has 
been published then our observations are “not new.” To date, 
| we cannot find such data. 

- 11. Physicians owe it to their patients to learn as much as 
possible about various cardiac disorders at low risk, as in our 
"investigations of blood velocity during pulsus alternans. New 
‘phenomena demonstrated in animal studies should not be 
considered identical with those occurring in human subjects. 
‘Journals have an ethical obligation to discourage unfounded 
and uninformed letters that do not add to our knowledge of 
mechanical alternation. 















Kenneth B. Desser, MD, FACC 
Alberto Benchimol, MD, FACC 

Good Samaritan Hospital 

Institute for Cardiovascular Diseases 
Phoenix, Arizona 





ATRIAL PACING VS. EXERCISE TESTING 


_ Rios and Hurwitz! recently reported atrial pacing to be less 
sensitive than exercise stress testing in the diagnosis of coro- 
nary artery disease. They did state that two major drawbacks 
of atrial pacing were (1) difficulty in interpretating S-T seg- 
ments during rapid pacing, and (2) frequent occurrence of 
pu (A-V) conduction defects at higher pacing 
es. 
— We have been impressed with the efficacy of two modifi- 
cations in the technique of atrial pacing: (1) If the patient 
experiences anginal pain during pacing but the S-T segment 
changes are difficult to interpret, pacing is stopped abruptly. 


The S-T segment changes in the next few sinus beats are 
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FIGURE 1. A 54 year old man with typical history of angina pectoris. Chest pain occurs only 
at pacing rates of 200/min, when S-T segment interpretation is impossible. However, after 
abrupt cessation of pacing (arrow) typical ischemic S-T depression is seen, regressing 
after about 18 sinus beats. 


usually characteristic and undistorted by pacemaker artefacts 
(Fig. 1). (2) The intravenous administration of atropine (1.0 
mg) abolishes the A-V conduction defects in 77 percent of 
cases.? Thus, higher pacing rates, up to 220 to 240 beats/min, 
a be achieved with an increased yield of positive test re- 
sults. 

With the use of these refinements we have observed a sen- 
sitivity of more than 90 percent in the diagnosis of angio- 
graphically proved coronary artery disease. We thus believe 
that atrial pacing is superior to exercise tests in sensitivity. 


Dennis V. Cokkinos, MD 
Evangelismos Hospital 
Athens, Greece 
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REPLY 


We concur with Cokkinos’ observations that the intravenous 
administration of atropine sulfate enhances A-V conduction 
properties and therefore permits a faster ventricular rate by 
maintaining 1:1 conduction as a result of a shorter A-V node 
refractory period. 

The discrepancy in results published in our study and those 
reported by Cokkinos clearly rests on the different heart rates 
analyzed. That atrial pacing at 220 to 240 beats/min was 
necessary to obtain positive results supports our contention 
that “the reduced ability of atrial pacing to cause an electro- 
cardiographic ischemic response is probably due to differences 
in hemodynamic effects of the two testing methods” (atrial 
pacing vs. exercise) and that “the myocardial wall tension and 
stress of comparable heart rates may be lower during pacing 
than during exercise.” Furthermore, the rates utilized by 
Cokkinos are higher than the physiologic heart rate obtained 
during maximal exercise in subjects aged 34 to 68 years. The 
physiologic consequences of these extremely rapid rates may 
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result in decreased diastolic filling period, end-diastolic vol- 
ume, stroke volume and coronary flow. 

Other methodologic differences between the two studies 
make comparison of results difficult to evaluate. Some dif- 
ficulties are the use of the Master two-step test versus mul- 
tistage treadmill exercise, the differences in population sample 
and the difficulty in comparing the similarities in coronary 
occlusive disease. Cokkinos has concluded that “atrial pacing 
is superior to exercise testing in sensitivity." The work of 
Barnard et al.! is relevant here. They demonstrated an ab- 
normal electrocardiographic response in 6 of 10 normal 
subjects after performing sudden strenuous exercise. When 
the same exercise was performed after a warm-up period only 
2 of the 10 subjects had an abnormal electrocardiogram. They 
attributed the number of false positive results to a transient 
unfavorable alteration in subendocardial oxygen supply/ 
demand relation. 

Until data on the sensitivity of atrial pacing at these rapid 
rates are compared with data on its specificity the absolute 
merit of the modified atrial pacing test cannot be assured and 
we therefore cannot agree with Cokkinos’ conclusions. 

Jorge C. Rios, MD 

George Washington University Medical Center 
Washington, D. C. 

Larry Hurwitz, MD 

University of Pittsburgh, School of Medicine 
Pittsburgh, Pennsylvania 
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S-T ELEVATION AFTER INFARCTION 


Mills et al.! appear to have made a substantial contribution 
to our knowledge of postinfarction S-T evolution and its sig- 
nificance. I think it would be helpful if they submitted raw 
data documenting so many unresolved S-T elevations for up 
to 6 months after anterior infarction— specifically, actual 
electrocardiograms for several cases showing the S-T elevation 
in leads V» to V4. In normal electrocardiograms at least, there 
is usually no S-T “segment” in medial precordial leads, par- 
ticularly leads V; and Vo, if these are predominantly of rS 
configuration. (Indeed, we often see where S-T "segments" 
begin, but their end is often a mystery.) In r$ leads, the T wave 
tends to “dogleg” up from the J point and any “segment” 
isoelectric with the T-P interval could be considered de- 
pressed. Thus it is common for normal precordial rS leads to 
have nearly all of the initial limb of the T wave well above the 
baseline, and resolution of some infarcts might in some pa- 
tients result in a return to this preexisting configuration. On 
the other hand, if all the authors’ patients with nonresolution 
had J junction elevation followed by a horizontal S-T segment 
(that is, a real segment), their point is made. In the absence 
of deep S waves, as in left ventricular hypertrophy, excessive 
J point elevation alone might qualify. But the authors cite the 
midpoint of the segment, and a segment should have a be- 
ginning and an end. Their exclusion of lead V; was appropri- 
ate. If the S-T changes predominated in leads V4 and V3 
(versus in an rS-configuration lead Və), their results would be 
even better substantiated. A precordial complex from four or 
five of their patients would clarify this completely. 

I have no doubt that the outstanding group who have done 
this work will be able to demonstrate their criteria. The source 
of my confusion is in the larger context of what is an S-T 
“segment,” at least in lead V; or V, in left ventricular hyper- 
trophy (did some of their patients have left ventricular hy- 
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pertrophy?) and in normal subjects with deep S waves, in 
whom the J point may appear elevated. 3 
David H. Spodick, MD, FACC 
Tufts University School of Medic ne 
Boston, Massachusetts A 
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Spodick's letter raises questions about which «e debated fo: 
some time. To rephrase his questions into a more answerabk 
syntax, they are: (1) How does one handle the problem of as 
sessing degree of S-T segment elevation when the precis 
bounds of the segment are ill defined, and (2) How does on: 
differentiate pathologic S-T elevation from the normal varian 
“early repolarization syndrome?" Ps 

To answer the first, one can be quite sure that there is ; 
deflection that is definitely “QRS” and a deflection that 












definitely "T wave" in most electrocardiograms. Rather : nal 
accepting Spodick’s definition, we believe that the portion o 
tracing between the end of “QRS” and the apparent onset ¢ 
“T” is of necessity “S-T segment." The configuration of thi 
segment is highly variable and may be a fruitful azoa 
electrocardiographic and vectorcardiographic research. 
Spodick misquotes us on a critical term. He says, “the au 
thors cite the midpoint” (italics ours), whereas, in fact, w 
stated “mid-portion.” We agree that it is very difficult, o 
impossible, to define a precise *mid-point" of an ill-define 
S-T segment. However, for clinical purposes, it is possible ar 
reasonable to define carefully an area of the tracing as lyi 
about midway between “definitely QRS” and “definitely T 
and deal with that area as the “mid-portion” of the S-T seg 
ment. "d 
The second question reflects the viewpoint of an electr 
cardiographer often forced to interpret tracings withol 
benefit of clinical data, as opposed to the clinician attemptin 
to correlate electrocardiographic, physical and pathophy si 
logic data. Given only an isolated standard 12 lead elec 
cardiogram, showing S-T elevation in the mid chest lea 
without clinical data, a competent electrocardiographer né 
only be able to offer a differential diagnosis, such as "S218 
evation compatible with acute or resolving infarction, d 
repolarization," and so forth. However, when one has clinic 
documentation of myocardial infarction or angiograpt 
demonstration of coronary artery disease and wall moti 
abnormalities, and in addition serial tracings demons 
progressive QRS and S-T segment changes, then ascribing tl 
observed electrocardiographic changes to the manifest cor 
nary heart disease seems reasonable. * 
In summary, our observations were made within the cont 
of clinically manifest coronary heart disease. Any datum c: 
and should, be interpreted two ways: as an isolated findi 
having several possible interpretations and as a link in 
consistent chain of knowledge about the process of corona 
heart disease in a patient over a period of time. We apprecié 
the relevance of Spodick’s comments to precision in the fü 
area and acknowledge that the second is not a preci 
science. 
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Roger M. Mills, Jr., MD 
Elliot Young, MD | 
Richard Gorlin, MD, FACC 
Michael Lesch, MD, FAC( 
Peter Bent Brigham Hosp 
Boston, Massachusetts 
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TRANSIENT Q WAVES: AN ANAMNESTIC RESPONSE 
OF AN OLD MYOCARDIAL INFARCTION 


is Meller et al.! indicate, the transient Q waves in Prinzme- 
al's angina may reflect a severe ischemia of a localized area 
f myocardium, and electrical death is not synonymous with 
jo logic death. We have recently proposed a new concept?^?: 
"ransient Q waves may reveal an old myocardial infarction. 
"hus, patterns of an old myocardial infarction, that had long 
go disappeared, may reappear in the electrocardiogram 
uring an acute ischemic episode. In these cases, it is likely 
hat the transient reappearance of Q waves is due to transitory 
3 che emia of the superficial myocardial layer that surrounds 
he > old infarcted area. During ischemia, this layer becomes 

















a der" the dlectrodels and a QS or QR pattern is recorded; 
'hen the superficial layer has recovered, the infarcted area 


E. more “in contact" with the ded dictus and R waves 


i xc: ardial infarction. ees dad that transient Q waves may 
pear as a temporary proof of an old and sometimes undi- 
nosed myocardial infarction is of importance since these 
ves are usually recorded during a new and severe ischemic 
ode with anginal pain and patients with them are usually 
se with the wrong diagnosis: recent acute myocardial 
afarction. 
d Paul Chiche, MD, FACC 
M. Rober Haiat, MD, FACC 
Hópital Tenon 
Paris, France 
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1 (Boissier J, Chiche P, ed). Paris, Sandoz Edit, 1974 


S we discussed it, the momentary appearance in our Case 2 
f a pattern of anteroseptal myocardial infarction during the 
pisodes of anterior wall ischemia. Their speculation that 
ransient Q waves may reveal an old myocardial infarction can 
| oply only to our Case 1, in which a transient pattern of in- 
erior wall myocardial infarction appeared during every epi- 
ode of anterior wall myocardial ischemia. But, in contrast to 
ne view that old myocardial infarction is unmasked because 
f new ischemia to the opposite wall, it was proposed by 
assan et al.! that new Q waves seen in patients after coronary 
ypass might be due to improved coronary perfusion to isch- 
mic areas opposite to the area of infarction. Such improve- 
ent thus relieved ischemia that had been canceling the loss 
f opposing forces of an old infarcted area. Both theories may 
e correct in different situations because the electrocardio- 
ram is only the final expression of the balance of the electrical 
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potentials, which are modified during myocardial ischemia 
and probably also after improvement of myocardial perfu- 
sion. 

Jose Meller, MD 

Division of Cardiology 

Department of Medicine 

Mount Sinai School of Medicine of the City University of New York 

New York, N. Y. 
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"HOLOSYSTOLIC EJECTION MURMUR” 


I was puzzled by the “grade 3/6 holosystolic ejection murmur 
that was heard at both the apex and the base" in Case 1 of 
Hirschfeld and Emilson! for aortic ejection murmurs do not 
extend up to the aortic component of the second heart sound 
to justify the term “holosystolic.” ? The patient might have 
a holosystolic murmur, presumably due to mitral regurgita- 
tion, or an aortic ejection murmur or, most likely, two separate 
murmurs (one holosystolic and one ejection) loud enough to 
be audible at both the apex and the base of the heart; but the 
use of the term “holosystolic ejection” to describe a murmur 
leads to confusion. 

Incidentally, in the echocardiogram of the same patient. 
(Fig. 2B) the space behind the aorta labeled the right atrium 
(RA) in reality is the left atrium.3 

Miltiadis A. Stefadouros, MD, FACC 
Department of Medicine/Cardiology 
Medical College of Georgia 
Augusta, Georgia 
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REPLY 


The term “holosystolic ejection” was meant to be descriptive 
rather than to imply a functional basis for the murmur. We 
have, in fact, utilized a simple noninvasive screening test for 
calcification of the mitral anulus: Patients are examined by 
two medical students; those patients who have a murmur 
described by one student as ejection in quality and by the 
other as holosystolic in timing are likely to have a calcified 
mitral ring. Ventricular septal defects also produce murmurs 
that may be described as both pansystolic and ejection in 
quality.! 
The left atrium in the echocardiogram of our first patient 

was, as noted, incorrectly labeled. 

David S. Hirschfeld, MD 

Los Gatos, California 
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TEMPORARY TRANSVENOUS PACING AFTER MITRAL 
VALVE SURGERY 
In connection with the recent article of Ritchie et al.! we re- 
cently saw a patient with class III symptoms of congestive 
heart failure, 3-- mitral regurgitation and normal coronary 
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arteries who underwent mitral valve replacement. Histolog- 
ically, she had findings of myxomatous degeneration of the 
mitral valve. Her postoperative course was complicated by 
refractory ventricular tachycardia. Despite the use of massive 
doses of lidocaine, quinidine and procainamide hydrochloride, 
she continued to have recurrent ventricular tachycardia. After 
k the insertion of a temporary transvenous pacemaker and ov- 
erdrive suppression, she had no further rhythm problems. She 
was maintained on her pacemaker for 4 days and then suc- 
cessfully weaned from it. She continued to have infrequent 
ventricular ectopic beats. 
Whether the refractory ventricular tachycardia and fi- 
brillation are peculiar to patients with myxomatous degen- 
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LETTERS TO THE EDITOR 


eration of their valve or, in our patient’s case, related to the 
trauma of surgery, is unclear. We believe, however, that 
prompt insertion of a temporary transvenous pacemaker is 
warranted in postoperative patients with refractory ventric- 
ular tachycardia and fibrillation. om 
Gary R. Cooper, MD 
Cardiovascular Lab 
Alachua General Hospita 
Gainesville, Florida ` 
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Calendar of Continuing Medical Education Programs 


Ke, 
m d 


e aim of*edch program is to increase the 
retical and practical knowledge of the 
ormal and abnormal function of the cardio- 
scular system in man. Most of the pro- 
rams are pertinent to direct care of pa- 
ents with heart disease. The need for such 
rograms increases with the ever increasing 
mount of scientific and clinical data, the 
onstant changes in technology and meth- 
ology, and the greater availability of thera- 
yeutic options. Today most cardiologists, in- 
eo and family practitioners feel the 








of supplementing their professional 
ading by direct contact with the authors, 
esearch workers and leaders in the field. 
_ To solve these problems the Committee 
elects each year series of carefully super- 
k 


fo be Preceptorships in Cardiology. 
itranged Arthur Selzer, FACC, director. 


hM " 


ndivid- Pacific Medical Center, San 
rally Francisco, Calif. 
uu 


L Electrocardiography: Core Cur- 


1-13 riculum and Self-Assessment. 
i Leonard S. Dreifus, FACC, director. 
P University City Holiday Inn, Phila- 


delphia, Pa. 


ZT. Electrocardiography: Core Cur- 
riculum and Self-Assessment. 
Borys Surawicz, FACC and Paul L. 
McHenry, FACC, directors. Indiana 
University Medical Center, India- 
napolis, Ind. 





Las Vegas, Nevada 


Technical Exhibits 
Deadline for requests for space: October 15, 1976 


Scientific Exhibits 
Deadline for requests for space: October 15, 1976 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


OCT. Electrocardiography: Core Cur- 

11-13  riculum and Self-Assessment. Al- 
berto Benchimol, FACC, director. 
Safari Resort Hotel, Scottsdale, 
Ariz. 


OCT. Electrocardiography: Core Cur- 


12-14  riculum and Self-Assessment. Ar- 
thur Selzer, FACC, director. Golden 
Gateway Holiday Inn, San Francis- 
co, Calif. 

OCT. Ischemic Heart Disease: Current 

19-21 Concepts. William J. Grace, FACC, 


James T. Mazzara, FACC and 
Richard J. Kennedy, FACC, direc- 
tors. St. Vincent's Hospital and 
Medical Center of New York, New 
York, N.Y. 


26th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Young Investigators' Awards Competition 
Entries must be postmarked no later than November 1, 1976 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 
share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


- Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education 
Bons. American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


OCT. New Techniques and Concepts in 

21-23 Cardiology: Exercise Stress, Ex- 
ercise Testing and Cardiac Reha- 
bilitation. Stephen E. Epstein, 
FACC, director. The Washington 
Hilton Hotel, Washington, D.C. 


OCT. Cardiac Pacing. Doris J. W. Escher, 


27-29 FACC and Seymour Furman, FACC, 
directors. New York Hilton Hotel, ` 
New York, N. Y. 

NOV. Advances in Heart Disease— 

27-29 1977. Dean T. Mason, FACC, di- 


rector. Fairmont Hotel, San Fran- 
cisco, Calif. 


March 7 to 10, 1977 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
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American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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Now the complete, 
flexible ultrasound system: 


> TheRT-400. : 

- For dynamic,two-dimensional, 
= real-time, high-resolution imagint 
Today and tomorrow. : 













For more information, write or call: 
Grumman Health Systems 
400 Crossways Park Drive 
Woodbury, New York 11797 
(516/575-3513) 
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MEDTRONIC® 5320 Atrial 
External Pulse Generator 


MEDTRON Ic” 5880A External 
: Demand Pulse Generator 
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090200. 


Diagnostic and therapeutic applications of temporary atrial pacing are growing, while the reliability of temporary 
ventricular pacing continues to serve the needs of hospitals all across the U.S. In most hospitals, the safety, efficacy, 
reliability and versatility of the MEDTRONIG® Model 5880A pulse generator has made it the preferred temporary 
ventricular pacemaker. | : 


The same manufacturing excellence and dependability of product that has 
made the 5880A so popular, has now also been applied to Medtronics 5320 


Atrial External Pulse Generator. yo Medin One 


Today, whether your patient needs temporary atrial pacing or temporary ven- 
tricular pacing, you know you can depend on Medtronic to provide it. Safely. Helping you help 
And effectively. the pacemaker patient 
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Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 

e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 

Includes Author Index—and—— Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


O Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


C Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 
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Tektronix 
portable 
patient monitors 
are ina class 

by themselves. 


For Tektronix’ complete patient moni- 
tor information package or other 
product information: 


Call Toll-Free: 


(800) 
547-4804 


Tektronix portable patient monitors ... 
In a class by themselves. 
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Mfr: Fukuda Denshi Ltd. 
l Tokyo, Japan 


FD-31P THREE CHANNEL SYSTEM 
ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
system retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection Y 
method and includes the most advanced galva- 
nometer design providing optimum resolution of 
diagnostic information. Electrical safety is attained 
by floating input amplifiers. 


$3950.00 
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FJC-7110 “MINI-EGG” SERIES* PORTABLE, COMPACT, LIGHT- 
. WEIGHT, MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
. EASY OPERATION. MEETS AHA SPECIFICATIONS,” 


- AC Model 115/220V ac for line operation, $895.00 iin. 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 


AC/DC Model 115/220V ac and interchangeable “D” 
cell Battery Pack, $945.00 


OPTIONS: 
RBPP-1 Interchangeable rechargeable Battery Power 
Pack including built-in recharges, fits all models, 

. $150.00 


*Models include all standard accessories. 





Other available products: 

W Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-2S) 

W ECG Tape Cassette System (SFR-11) W Ambulance Monitor ) 
W Three Channel ECG (DU-3S) m Monitor Oscilloscope (MS-10) 


Visit Booths 16 & 18 American Heart Association Meeting—Mliami 


Call or write for further information. 
MEDICAL SYSTEMS CORP. 


Dept. A, 230 Middle Neck Road, Great Neck, New York 11021 e (516) 466-2000 





March 3, 4, & 5, 1977 
Mountain Shadows Resort 
Scottsdale, Arizona 


í | Sponsored by 
St. Luke's Hospital Medical Center 
Phoenix, Arizona 


Sections of Cardiology 
and 
Cardiovascular Surgery 


Featuring educational programs, 
planned voluntary activities for 
registrant and spouse. 


Faculty 





Floyd D. Loop, M.D. 


Mortimer Buckley, M.D. ; 
Cleveland, Ohio 


Boston, Massachusetts 


James R. Malm, M.D. 


Seymour Furman, M.D. 
New York, New York 


Bronx, New York 


John C. Manley, M.D. 


Richard Gorlin, M.D. J 
Milwaukee, Wisconsin 


New York, New York 


Myron W. Wheat, Jr., M.D. 
Largo, Florida 


Registration $100. Participants will receive 18 
elective hours credit. For more information write: 


Cecil Vaughn, M.D. program chairman or 
Nancy Schirm, Director, Public Relations 
St. Luke's Hospital Medical Center 

525 North 18th Street 

Phoenix, Arizona 85006 


Call our 
Toll-Free number 


for your copy of 
Tektronix complete 
patient monitor 
information package 
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You'll get: 


€ Complete Specifications on Tektronix’ 
Broad Line of Portable Monitors and 
Recorders 


@ Price List and Accessory Information 
@ Lease Option Plan Information 


€ Convenient Feature Comparison Chart 
for Matching Needs with Monitor 
Capabilities 


Call Toll-Free: 


(800) 
547-4804 


.. . We think you'll agree. 
Tektronix portable patient monitors are 
In a class by themselves. 
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History 


Write cardiovascular and blood velocity wave-form 
history with Sonicaid's chart recorder at speeds of 
5, 10, 25 or 50 mm/sec. One channel records either 
ECG or phonocardiogram signals; the other, blood 
velocity from doppler ultra-sound. 

Because of its high speed capability, the chart 
drive's DC motor is electronically controlled and 
protected by torque overload devices. Servo-con- 
trolled heat pens have zero and calibration settings. 





Current Events 


See and hear current events of blood velocity and 
flow direction as reflected by Sonicaid's non- 
invasive, doppler ultra-sound procedure. Observe 
both blood velocity and flow direction on one con- 
venient meter. Listen on either the built-in loud- 
speaker or the stereo headset. 

Sonicaid's sensitive transducer and advanced 
design receiving circuitry permit the use of low 
levels of ultra-sound energy. 


The foot switch leaves your hands free and per- 


E mits you to record only the data you wish. 


Diagnostic Data for cardiologists; vascular and 
cardiovascular surgeons; internists; and general practitioners 


Applications for the BV381 include 
diagnosis of diseases of the right and 
left heart; peripheral arterial exami- 
nations; neurological investigations; 
establishment of patency following 
reconstructive surgery; examinations 
for phlebitis; detection of air emboli 
during open heart surgery . . . and 
more. The BV381 presents a variety 





of correlating data which can help 
avoid the risk of invasive procedures. 


Data presentation is further en- 
hanced by the availability of Soni- 
caid's own oscilloscope. To assist 
you in the recognition of sympto- 
matic wave-forms, Sonicaid has pre- 
pared an atlas for your use. 


For information or a demonstration: 


For details on the new BV381 or its 
companion, the BV380, offered with- 
out the chart drive, phone or write: 
John Scales, Executive Vice Presi- 
dent; Sonicaid, Inc.; P. O.: Box 714; 
Fredericksburg, Virginia 22401 

Area Code 703/898-6820. 


SONICAID 


innovators and world leaders in ultra-sound diagnostics 


News: the BV381 


Doppler Ultra-Sound Blood Velocimeter with 2-Channel Chart Recorder. 


THE 
PRACTITIONERS" 
DERMATOLOGY 


By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


THE PRACTITIONERS' DERMATOLOGY is 
written especially for the busy practitioner. 
"Practical medicine, while it differs from academic 
and investigative, is eminently worthy" (Preface, 
The Practitioners’ Dermatology)—this orientation 
pervades every discussion of structure, function, 
etiology and treatment in the book. 


HERE'S WHAT REVIEWERS 

ARE SAYING: 

"A notable contribution to dermatology" 

"The first text in years that uses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 

"Ideal for practitioners" 

"Will be well received by not only practitioners and 
medical students but by dermatologists as well" 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters 
present the specific der- 
matoses, abnormalities and 
diseases organized by 
causative factors. Over 600 
illustrations and an excellent 
index round out this com- 
prehensive book. 


“GOMMONSENSE 
dermatology 
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YORKE MEDICAL BOOKS, 
666 Fifth Avenue, N.Y., N.Y. 10019 AJC-10/76 


Please send me copies of THE PRACTITION- 
ERS' DERMATOLOGY. The price is $30.00. 





L] Payment enclosed (Publisher absorbs handling 
charge)* 


O Bill me. Add $1.00 for handling charge.* 


Name 


Address 


GNE EIL E State —— 





*Foreign orders: Add $2.00 for surface shipment; $4.00 for air 
shipment. In New York State add appropriate sales tax. 





Cal for- 
he 
answer 


Toll-free! 


We want to help you j 
With your patient i 
monitoring needs. 








Ask us about: 


@ Portable patient monitor 
applications 


@ Technical aspects of monitor 
operation 


9 Selecting a patient monitor 


0 Ordering a Tektronix Portable 
Patient Monitor 


Call Toll-Free: 


(800) 
047-4804 


... We think you'll agree. 
Tektronix portable patient monitors are 
In a class by themselves. 





TEKTRONIX 
FREE: 





FOR PATIENT COMPLIANCE 





DELICIOUS 





KIORVESS 10% LIQUID 


(potassium chloride 





Klorvess * Combined Brief Summary 

Klorvess (potassium chloride) 10% Liquid 
Each tablespoonful (15 ml) contains 20 mEq of 
potassium chloride (provided by potassium chloride 
1.5 g) in a palatable, cherry-with-pit flavored vehicle, 
alcohol, 1% 
Klorvess Effervescent Tablets 
Each dry, sodium- and sugar-free effervescent tablet 
contains 20 mEq each of potassium and chlor:de 
supplied by potassium chloride 1.125 g, potassium 
bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g 
Contraindications: Severe rena! impairment character 
ized by azotemia or oliguria, untreated Addison's 


disease, Familial Periodic Paralysis, acute dehydration, 


heat cramps, patients receiving aldosterone-inhibiting 
or potassium-sparing diuretic agents, or hyperkalemia 
from any cause 
Precautions: In response to a rise in the concentration 
of body potassium, renal excretion of the ion is 
increased. In the presence of normal renal function 
and hydration, it is difficult to produce potassium 
intoxication by oral potassium salt supplements 

Since the extent of potassium deficiency cannot be 
accurately determined, it is prudent to proceed 
cautiously in undertaking potassium replacement 
Periodic evaluations of the patient's clinical status, 
serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is 
particularly important in patients with cardiac disease 
and those patients receiving digitalis 


High serum concentrations of potassium may cause 
death through cardiac depression, arrhythmia or 
cardiac arrest 

To minimize gastrointestinal irritation associated 
with potassium chloride preparations, patients should 
dissolve each Klorvess Effervescent Tablet in 3 to 4 
ounces of water or fruit juice, or dilute each 
tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these 
solutions should be ingested slowly with or immediately 
after meals 
Adverse Reactions: Abdominal discomfort, diarrhea, 
nausea and vomiting may occur with the use of 
potassium salts 

The symptoms and signs of potassium intoxication 
include paresthesias, heaviness, muscle weakness and 
flaccid paralysis of the extremities. Potassium 


intoxication can produce listlessness, mental confusion, 


a fall in blood pressure, shock, cardiac arrhythmias, 
heart block and cardiac arrest 

The EKG picture of hyperkalemia is characterized 
by the early appearance of tall, peaked T waves. The R 


wave is decreased in amplitude and the S wave deepens; 


the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears 
Occasionally, an apparent elevation of the RS-1 
junction and a cove-plane RS-T segment and T wave 
will be noted in AVI . 

Dosage and Administration: : 

Klorvess* Effervescent Tablets: Adults —One Klorvess 


Effervescent Tablet (20 mEq each of potassium and 
chloride) completely dissolved in 3 to 4 ounces ol 
cold water or fruit juice 2 to 4 times daily depending 
upon the requirements of the patient. 
Klorvess* (potassium chloride) 10% Liquid 
Adults — One tablespoonful (15 ml) of Klorvess Liquid 
completely diluted in 3 to 4 ounces of water 2 to 4 
times daily depending upon the requirements of the 
patient 
Both of these solutions should be ingested slowly 

with meals or immediately after eating. Deviations 
from these recommended dosages may be indicated in 
certain cases of hypokalemia based upon the patient's 
status. The average total daily dosage must be 
governed by the patient's response as determined by 
frequent evaluation of serum electrolytes, EKG and 
clinical status 
Overdosage: Potassium intoxication may result from 
overdosage of potassium or from therapeutic dosage in 
conditions stated under "Contraindications" 
Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a 
few hours 

How Supplied: Klorvess Effervescent Tablets (white) 
60 tablets (2 Rx units of 30 effervescent tablets each) 
Each tablet is individually foil wrapped. Klorvess 
potassium chloride) 10% Liquid (dark red) —as a 
cherry-with-pit flavored liquid in 16-ounce and 


gallon bottles 
BA-YB 





KIORVESS EFFERVESCENT 
TABLETS 





Delicious cherry-with-pit flavor. 
If vou've tasted it, you know 
KLORVESS® (potassium chloride) 
10% Liquid provides a delicious 
natural flavor. So good, in fact, 
that it should be mixed only with 
water. 


Or whatever flavor your patients 
like... because the taste of 
KLORVESS® Effervescent Tablets 


THE SUBTLE MIXER 


is determined by what theyre 
mixed with. The subtle mixer. 
Convenience in therapeutic doses. 
Both forms of KLORVESS offer 

20 mEq potassium chloride in 
each dose. There is no need to 


E 
Dorsey 
LABORATORIES 
Division of Sandoz, Inc. « LINCOLN, NEBRASKA 68501 






Each dry, sodium- and sugar-free effervescent tablet contains 20 mEq 
each of potassium and chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 





prescribe several slow-release 
tablets per dose or space dosage 
administration beyond the 
patient's normal routine. 
Prescribe KLORVESS 10% Liquid 
or KLORVESS Effervescent 
Tablets ... for potassium 
supplement therapy that offers 
good taste and convenience at 
therapeutic dosages. 





As a practicing cardiologist, you now have The addition of several terminals gives you 


. the opportunity for greatly expanding your practice. the opportunity to service several locations from your 
Through computer-aided electrocardiographic own office. 

analysis. The CCS system is proven and can be secured 

- CCS' new ECG program lets you be two places with a minimum investment in time or money. 

= at once. It gives you the opportunity of providing ECG 

! Now you can provide your services to other analysis 24 hours a day every day. In locations that do 
physicians or clinics without being on site yourself. not warrant your full-time service. 

| The CCS system is simple, fast and convenient. We would like to show you how you can 

- ECG'sare taken at the participating clinic or hospital profitably be in two places at once. With a sound, 

and transmitted imme [as to you for analysis. reliable computerized ECG report analysis program. 

-. You receive an identical ECG record. Call David Mitchell, Vice President Marketing, for 

Initial evaluation and reports are generated information on CCS Systems. Or write today. 


- from the master computer. Automatically. You simply 
- review and verify. Or review and change. Your analysis 
is back to the clinic or hospital within minutes. 


. Now an ECG canbe intwo 





places at once. Vastly increasing 
« your practice opportunities. 


puun À— 






edical computer company 


COMPUTER CONSULTING SERVICE, INC. 
P. O. Box 1278 G, Dubuque Building, Suite 520 
Dubuque lowa 52001 * (319) 556-3131 


LE1gnt my ortant tact- you 
zhould chec' : before you a a 
cardio-pulmonary treadmill. 


k 1 Does it offer a full 
range of elevations 
and speeds (1-10 




































5 Does it feature “no- 


jerk” acceleration 


mph, 0-25% / control? 
grade)? 2 Does it feature life- Does it feature an 
time lubricated all nylon endless 


/ belt for extra-long 
service life? . 


Does it feature easy 
step on and off access? 


bearings at all major 


3 Does it offer you wearing points? 


the choice of re- 

mote or treadmill 
mounted elevation 
and speed control? 


4 


features. We build seven treadmill modeli EL LN ë QUINTON 


For complete details, contact Quinton Instruments Dept. E66, 2121 Terry Avenue, Seattle, 
Washington 98121. Call 206/223-7373 or dial toll free 800-426-0538. 


-N CW: / Ambulatory £ 


Blood Pressure rm | 


Smaller, lighter compact one-piece unit weighs 25 ounces. 


The Remler patented Ambulatory Blood Pressure Recorde 
has been in use for more than ten years by leading physicians an 
research institutions throughout the world. 

Now, by miniaturizing circuits and eA oi we have pre 
duced a smaller and easierto wear single-unit version that weigh 
only 25 ounces. 

This new Model M-2000 records blood pressures during th 
wearer's working or leisure day. Wearing this unobtrusive, ligh 
weight device on a belt, any patient can easily record bloo 
pressure data onto the micro-cassette as many as fifty time 
daily. This method eliminates the pressor effect of an observer 
presence. 

The Remler system is especially useful in determining the eff 
cacy of medication in the treatment of hypertension. 





Does it come with a 
full year's warranty 

backed by 16 years 

of treadmill building 
experience? 


[s it completely 
programmable? 














fia | i | Since 1918 » Precision in Electronics 
280 Visitacion Mall « Brisbane, California 94005 USA «+ (415) 468-3437 


Please send me complete details on the new 
Remler M-2000 Ambulatory Blood Pressure Recorder. 


Address 


. 
* 
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Indications: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as 
follows: Possibly effective: For the management, prophylaxis 
or treatment of anginal attacks. Final classification of the 
less-than-effective indications requires further investigation. 


Contraindications: Recent myocardial infarction, severe 
anemia, glaucoma, increased intracranial pressure, 
idiosyncrasy, hypotension. 

Precautions: For ORAL, not sublingual, use. If blurring of 
vision or dryness of mouth occurs, discontinue drug. Toler- 
ance may develop on long-term usage. š 
Adverse Reactions: Occasional transient headaches. 
Overdoses may cause flushing, headaches, tachycardia, 


Dosage: One capsule two or three times daily at 8 to 12- 


Patient benefit products from 





KANSAS CITY, MISSOURI 641 








Nitroglycerin, 
the landmark in angina relief, can 
also be the landmark in prevention ' : 

of anginal attacks" Plateau CAPS? 2.5 mg and 6.5 mg 


ITRO-BI 


nitroglycerin — : 
„With | 
Staying power — 


It works. It keeps working. 
And we have the documentation. 





For the full facts, simply complete 

and mail this | coupon. Š 
TO: 

| Robert N. Henderson, M.D. 

120 Brighton Road 

Clifton, N.J. 07012 
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O.K., Dr. Henderson— i 
O Show me—Send comprehensive clinical i 
| 

f 

| 

| 

| 

I 


and pharmacologic documentation brochure. 
O I'll prove it myself—Send clinical trial supplies as well. 


(please print) 
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PHARMACEUTICAL DIVISION , : 
ee (street & number) (city) (state & zip) 
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Hypokalemia 
andthe diuretic —, ~ 
digitalis <@ / 4 
regimen: y 









^ * "M 1 

liltingadelicate balance. — 
Certain diuretics such as thiazides, furosemide, 

and ethacrynic acid may remove potassium and the 
resulting potassium deficit can rapidly trigger arrhythmias 
in the digitalized patient. Of course, potassium supplements 
should not be administered with any potassium- 
sparing diuretics such as spironolactone and triamterene. 
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Kaon-CL 


(potassium chloride) 





20% 


Offers an economical, convenient 
therapeutic dose to correct hypokalemia 
or treat mild digitalis intoxication. 





CONVENIENT, ECONOMICAL DOSAGE 
m One tablespoon (15 ml.) 


provides 40 mEq. each of potas- 
sium and chloride...nearly twice 
the potassium content of most = 


single effervescent tablets or 
packets of powder. 


. PNS 











m Pleasant Cherry Flavor: 1 
One tablespoon (15 ml.) mixed with 1. 
six fluid ounces of water or other Hg 
liquid, few palatability problems are 
encountered. Kaon-CL 20% must 
be diluted before administration 
to avoid gastrointestinal irritation. 


(See brief summary on following page for pn 


aurea t 
PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROMM ANO HAAS COMPANY 


COLUMBUS, OHIO 43215 
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Kaon-CL 20%™ (potassium chloride) Sugar-Free. 
Description: Each 15 ml (tablespoonful) supplies 40 
mEq each of potassium and chloride (as potassium 
chloride, 3 g) with saccharin and flavoring. Alcohol 5%. 
Indications: Kaon-CL 20% is indicated for the treatment 
of potassium depletion in patients with hypokalemia and 
metabolic alkalosis, and for the treatment of digitalis in- 
toxication. During therapy serum potassium levels should 
be monitored and the dosage titrated to achieve the 
desired clinical and laboratory effects. Kaon-CL 20* is 
also indicated for the prevention of potassium depletion 
when thé dietagy iatake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion 
may be indicated in patients receiving digitalis and 
diuretics for.the treatment of congestive heart failure, 
hepatic cirrhosis with ascites, patients with hypertension 
on long-term diuretic therapy, hyperaldosteronism states 
with norma! renal function, the nephrotic syndrome, and 
certain diarrheal states 

Contraindications: Potassium supplements are con- 
lIraindicated in patients with hyperkalemia since a further 
increase in serum potassium concentration in such pa- 
tients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: Chronic renal 
ailure, systemic acidosis such as diabetic acidosis, acute 
dehydration, extensive tissue breakdown as in severe 
burns, adrenal insufficiency, or the administration of a 
potassium-sparing diuretic (e.g, spironolactone, triam- 
terene). ° 

rnings: Do not administer full strength. Kaon-CL 20% 
Will cause gastrointestinal irritation if administered un- 
diluted. For details regarding adequate dilution, see 
Dosage and Administration 







per se can increase the serum potassium concentration 
into the normal range even in the presence of a reduced 
total body potassium. The treatment of potassium deple- 
ition, particularly in the presence of cardiac disease. renal 
disease. or acidosis, requires careful attention to acid- 
base balance and appropriate monitoring of serum 
electrolytes, the electrocardiogram, and the clinical status 
Of the patient 
Adverse Reactions: The most common adverse reac- 
lions to oral potassium salts are nausea, vomiting, ab- 
dominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best 
managed by diluting the preparation further, taking the 
dose with meals, or reducing the dose. 
__ The most severe adverse effects are hyperkalemia (see 
Contraindications, Warnings and Overdosage) and 
gastrointestinal obstruction, bleeding or perforation (see 
Warnings). 
Overdosage: The administration of oral potassium salts 
tO persons with normal excretory mechanisms for 
potassium rarely causes serious hyperkalemia. However, if 
excretory mechanisms are impaired or if potassium is ad- 
ministered too rapidly intravenously, potentially fatal hy- 
perkalemia can result (see Contraindications and Warn- 
ings). It is important to recognize that hyperkalemia is 
usually asymptomatic and may be manifested only by an 
Increased serum potassium concentration and charac- 
teristic electrocardiographic changes (peaking of T- 
Waves, loss of P-wave, depression of S-T segment, and 
prolongation of the QT interval). Late manifestations in- 
clude muscle-paralysis and cardiovascular collapse from 
cardiac arrest. 
Dosage and Administration: Dosage must be adjusted 
to the individual needs of each patient but is typically in 
he range of 20 mEq per day for the prevention of hy- 
Jokalemia to 40-100 mEq per day or more for the treat- 
nent of potassium depletion 
| One tablespoonfu! (15 ml) in six fluid ounces or more of 
Water provides 40 mEq of potassium chloride 

One tablespoonful twice a day in six or more fluid 
yunces of water or other liquid provides 80 mEq 
)otassium chloride. 
Caution: Federal law prohibits dispensing without 
drescription. 


WARREN-TEED 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROMM AND HAAS COMPANY 
SOLUMBUS, OHIO 43215 





A92 















MD 
Clinical 
research 


IF YOUR INTEREST 
IS IN CLINICAL 
RESEARCH ... 


BRISTOL LABORATORIES—a 
leading source of improved pharma- 
ceuticals and health care discov- 
eries—has a very rewarding position 
for you. 


Your present engagement should 
preferably be with an ongoing re- 
search program that is active in the 
cardio-vascular area. Experience in 
this area would be highly desirable but 
not necessarily required; as we would 
also consider a currently practising 
physician who has been previously 
involved in clinical research. 


This appointment will place at your 
disposal the finest laboratory facilities 
and resources available to the re- 
search-oriented physician, plus fre- 
quent opportunity for mutually bene- 
ficial contact with leading figures in 
your field. 


We offer an excellent salary and 
comprehensive benefits. Our head- 
quarters in the metropolitan center of 
scenic upstate New York will place 
you and your family within easy reach 
of its abundant educational, recrea- 
tional and cultural assets. Please send 
curriculum vitae, or letter requesting 
further information, in strictly kept 
confidence, to: Manager of Staffing, 


Dept. AJC 
BRISTOL| | LABORATORIES 


P.O. Box 657, Syracuse, New York 13201 
An equal opportunity employer M/F 

















































4 hours real-time 


in 12 minutes reel-time. 


It's about time. Half the time it takes other scanners to 


scan a 24-hour DCG. And the Avionics 660A Electrocardio- 


scanner? gives you more information. Automatically 


The 660A aives you the diagnostic advantages of analyzing 
2 DCG leads simultaneously while quantitating Ventricular 


Ectopic Beats, Supraventricular Ectopic Beats, Demand 
Pacemaker Beats, Total Heart Beats, and documenting them 


hourly on a trend of Heart Rate and ST-Segment Levels — all 
correlated with exact patient time. And when the 660A is 
interfaced with the new Avionics 680 DCG Data Terminal, 
each hour of selected DCG Data is further analyzed, computed 


and teleprinted automatically every 30 seconds On-Line 


during the trending. After the trend, the 660A rewinds itself, 

then proceeds through the tape automatically writing out 

operator-selected abnormalities in 2 channels of real-time ECG. 
The ease of operation of these Avionics Scanning Systems 


is geared to your operation. And they not only scan and 
quantitate information from our "New Baby” the 445 Mini- 


Holter Recorder, but every recorder Avionics has produced all 


the way back to our first in 1963. 


, 


, 


So if you want to know more about the new Avionics 660) 
Electrocardioscanner, 680 DCG Data Terminal and 445 
Mini-Holter Recorder, and how they can turn your real-time 
into reel-time, give us a call at (714) 549-1500. Or clip and 
mail the coupon to: 

Avionics, 1601 Alton Avenue at Redhill, Irvine, Ca. 92714. 


AVIONICS — 


| a division of Del Mar Engineering Laboratories 





O Please send me more information on the Avionics 
660A Electrocardioscanner, 680 DCG Data Terminal, and 
445 Mini-Holter Recorder. 


C Send the literature, and schedule me for a visiting demonstration. 





Name and Title 


Organization 


INNEN MM ER 


Address 


City State Zip 
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Artist's conception of heart with 
changes typical of congestive failure. 
Note pronounced left ventricular 

hypertrophy. 
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In congestive heart 


k 


failure... 


aldosteronism promotes 


edema. “The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema. ' 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


"By administering spironolactone [Aldactone] 
Over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents.... ° 


Effective diuresis In 
edema of congestive heart failure 


Aldactone spironolacton r we 


E Produces gradual, positive, sustained diuresis, usually without 
causing acute volume depletion, and without rebound fluid retention. 


ll Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


See next page for brief summary of prescribing information. 
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In congestive heart failure 


Aldactone 


- (spironolactone) 


25-mg. tablets 


Indications — Essential hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
patients with malignant effusions may benefit from Aldactone (spironolac- 


- tone), particularly when given with a thiazide diuretic. 


Contraindications —Acute renal insufficiency, rapidly progressing impair- 
ment of renal function, anuria and hyperkalemia. 

Warnings —Potassium supplementation may cause hyperkalemia and is 
not indicated unless a glucocorticoid is also given. Discontinue potassium 
supplementation if hyperkalemia develops. Usage of any drug in women of 
childbegring age requires that the potential benefits of the drug be weighed 
against its possible hazards to the mother and fetus. 

In a 78-week chronic toxicity study, rats were given daily oral doses of 
spironolactone approximately 30, 90 and 300 times the usual daily human 
therapeutic dose (100 mg. per day). The results of this study demonstrated 


a dose-related, statistically significant increase in the occurrence of benign 


adenomos of the testes and thyroid gland. Similor findings have not been 
demonstrated in other animal studies. In view of the marked differences 


- in spironolactone metabolism by the rat and by man, the relationship of this 


finding to the possible development of tumors in humans is unknown. 
Precautions —Patients should be checked carefully since electrolyte im- 


——  balonce may occur. Although usually insignificant, hyperkalemia may be 


serious when renal impairment exists; deaths have occurred. Hyponatremia, 


-"manifested by dryness of the mouth, thirst, lethargy and drowsiness, to- 


gether with a low serum sodium may be caused or aggravated, especially 


-when Aldactone is combined with other diuretics. Elevation of BUN may 


occur, especially with preexisting renal impairment. Mild acidosis may occur. 
Reduce the dosage of other antihypertensive drugs, particularly the gangli- 


onic blocking agents, by at least 50 percent when adding Aldactone since it 


potentiates their action. The physician should be alert to the possible onset 


' of gynecomastia 


ow Ser ie 
` 


Adverse Reactions — Drowsiness, lethargy, headache, diarrhea and other 


- gastrointestinal symptoms, maculopapular or erythematous cutaneous erup- 


tions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, inobility 
to achieve or maintain erection, androgenic effects, including hirsutism, 
irregular menses and deepening voice. Adverse reactions are usually reversi- 


- ble. In rare instances gynecomastia may persist. 


Dosage and Administration —For essential hypertension in adults the 
initial daily dosage ts 50 to 100 mg. in divided doses. Aldactone may be 
combined with a thiazide diuretic if necessary. Continue treatment for 
two weeks or longer since the maximal response may not occur sooner. 
Adjust subsequent dosage according to response of patient. 

For edema in adults initial daily dosage is 100 mg. in divided doses. 


- Continue medication for at least five days to determine diuretic response; 
- add a thiazide or organic mercurial if adequate diuretic response has not 


occurred. Aldactone dosage should not be changed when other therapy is 


- added. A daily dosage of Aldactone considerably greater than 75 mg. may 


be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
able for patients with extremely resistant edema which does not respond 
adequately to Aldactone and a conventiona! diuretic. Observe the usual 
precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
hyponatremia—restriction of fluid intake to 1 liter per day or adminis- 
tration of mannitol or urea may be required (these measures are contra- 
indicated in patients with uremia or severely impaired renal function). 
Mannitol is contraindicated in patients with congestive heart failure, and 
urea is contraindicated with a history or signs of hepatic coma unless the 
patient is receiving antibiotics orally to “sterilize” the gastrointestinal tract. 

Glucocorticoids should usually be given first to patients with nephrosis 
since Aldactone, although useful for diuresis, will not directly affect the 
basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 


. References: 
-.. 1. Genest, J., and Nowar, T.: Clinician: Congestive Heart Failure; Medcom" 


Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Laragh, J. H.: Hosp. Pract. 5:43-50 (Nov.) 1970. 


Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 
Address medical inquiries to: 


G. D. Searle & Co., Medical Department 
Box 5110, Chicago, Illinois 60680 414 


A96 


FOR GOOD CARDIAC OUTPUT MEASUREMENTS 





AUTOMATIC REFILLING 

INJECTION RATE: 0.15ML/SEC 

INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
POWERED BY COMPRESSED AIR 

REMOTELY OR MANUALLY CONTROLLED 
5000 INJECTION FROM ONE AIR BOTTLE 


"CARDIOMAX"' CIRCULATORY SYSTEM COMPUTER 


pm DEM. JR. di. AN, 


MEASURES: 


* CARDIAC OUTPUT 

MEAN TRANSIT TIME 
CENTRAL BLOOD VOLUME 
SYSTEMIC RESISTANCE 
THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 


+ + + + 





Thermodilution Cardiac Output Computer 


“CARDIOTHERM-500” 





/ 
i Ep 

*WILL WORK WITH ANY THERMISTOR CATHETER. 
*RECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 

DIAC OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
*AUTOMATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 

TURE AND INDICATOR TEMPERATURE. 
*AUTOMATIC ZEROING. 
*ISOLATED CHART RECORDER OUTPUT. 
*EXTRAPOLATES DILUTION CURVE. y 


*SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
*PRIÇE: $3,300.00. 






I fs COLUMBUS INSTRUMENTS meninin tis 
Phone: (614) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, USA 








A new development iT taDreruesmgrr — — — — 
to permit more accurate dosage titration | 


— n m E 
Fu g^ 1^ 7 8 a /* 88m we 
SSeS P d N 


5, 10, and 20 mg. 


isosorbide dinitrate -. 








1. for the physician: precise dosage titration 
2. for the patient: easier compliance 
with your dosage adjustments 


1TITRADOSE? (E.Z. SPLIT®) Oral Tablets, U.S. Pat. Nos. D224591 and 3883647 


(Isosorbide dinitrate) 















* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the’ relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 







Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. ae 


£y 
i 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 


New York, New York 10017 


DEDICATED TO IMPROVING THE QUALITY OF LIFE ® 
THROUGH MEDICINE® 
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Why his physician 
chose a 
CPI Pacemaker 


Because, of the three major pacemaker 
companies, CPI is No. 1 in /ithium. A 
proven pacemaker power source that has 
experienced no battery failures in over 3 
years of clinical use in over 10,000 
implants. Specialized hybrid circuitry and 
exacting quality assurance contribute 

to a drastically-reduced failure rate. 
Body fluid contamination of the pulse 
generator interior is eliminated, due to a 
triple hermetic seal. 


The medical benefits: pacemaker 
longevity, dependable reliability, and 
predictable "post-operative" performance. 
And confidence in the product. That's 
why his physician chose a CPI lithium 
pacemaker. 


...Of the three 

major pacemaker 
companies, 

CPI is No. 4 in lithium. 





® 


CARDIAC PACEMAKERS, INC. 


1140 RED FOX ROAD 

ST. PAUL, MINNESOTA 55112 U.S.A 
TELEPHONE: (612) 483-6741 

CABLE: CARDIAPACE, ST PAUL/TELEX 29-7049 


Clinica! data available upon request 
© 1976 Cardiac Pacemakers. Inc. 
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Why is the unique 
depth compensation 


(TGC) design of the 
ECHO-CARDIOTRACE 
(ECT) so important 


to you? 


e With the ECHO-CARDIOTRACE, you see what 


you are doing. The A-mode and the depth 


à L| f he aon ' BA adjustments are displayed on the same monitor 
| WA M ARS so that while you are adjusting the gain to the 
| M v dees EN T4 A heart structures presented by the A-mode, you 
| -mode- | m CN DEM really see what happens. 
| f ci * 772 
; | DW N E The depth compensation of the ECHO- 
i l y $ 2» — Sn "A CARDIOTRACE provides you not only with an 
! OON oom Ay anterior depth compensation control, but also 
è T A/A i,» 4... 9 fOr : 
Oe ty 4 CN CEDE with posterior depth compensation control, 
bor CON conl SEM which will enable you to get more refined 
| fh ft q oo! (fim images of the posterior part of the heart while 
lr d 2m P iM maintaining other landmark echoes at op- 
A T AX timum levels. 
hf Fs 
| INA $ A a The depth compensation of the ECHO- 
| [T ^N CITUR CARDIOTRACE can be adapted continuously. 
ANAN X. Si To adjust to all structures from pediatric to 
| CUM 779 Adee adult, you need a continuously adaptable 
) I e sc di difi compensation like the one of the ECHO- 
bo 1 \ EA i? CARDIOTRACE. This is not possible with step- 
a ; S 4n by-step adjustments, with sometimes as much 
" i : pr. as 2 cm between each step, and not sufficient to 
4 CPU, RA adapt to different physiological structures you 
‘ XY NEM will come across during your investigations. 


METRI2A, Incorporated 


876 VENTURA ST è AURORA (DENVER) COLO. 80011 
(303) 343-8330 (COLLECT) 





L] | am interested in the (4) four plans for equipment acquisition. 
L] | am interested in the FREE trial period. 

[] | am interested in a demonstration. 

INGEN ah Fas A E ere 


Address 
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Telephone 
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Ne M WCIVS And supply the chloride 


most patients need with 


TO make potassium supplementation. 
Potassium— rich’ orange juice actually contains only about 


4 meq per ounce. To reach effective maintenance levels 


k z 
your patients would have to drink 40 or more ounces of 
ge Jul e orange juice a day. 

But now, new orange-flavored Kay Ciel Elixir and Kay Ciel 
Powder mix tastily with your patients morning juice; one 

(Se tablespoon Kay Ciel Elixir or one Kay Ciel Powder packet 
supplying 20 meg of potassium and of chloride— about four 
times the K+ in a glass of orange juice alone 


j 
Repeat in the evening for a full therapeutic regimen. Or, if 
effe tive you want your patient to avoid the extra calories, new 
orange-flavored Kay Ciel Elixir and Kay Ciel Powder taste 
great in 4 ounces of water. 


+. 
K therdo Improve patient compliance by prescribing the 


KCI they need...in a way they'll like. 
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New Orange- 
treated. Addison a. Disesse. AANVOER NER Flavored Kay Ciel 


cramps and hyperkalemia. 
WARNINGS: Do not use excessively. ixi 
PRECAUTIONS: EI r 


PATIENTS SHOULD BE CAUTIONED TO ADHERE potassium chloride 10% 
(LUTION I R IONS. i - 
ADVERSE REACTIONS: Potassium intoxication (20 meq/ 45 ml) 
indicated by listlessness, mental confusion, par- 


esthesia of the extremities, weakness of the legs, Powder | 
flaccid paralysis, fall in blood pressure, cardiac 


depression, arrhythmias Line and bo hangs Coa p^ Laboratories potassium chlor ide 4.5 g 
end CE abdominal discomfort an i- | Wa: :e, N Jersey 07470 (20 meq/packet) 


145-4 





V, Y, "5 








dur 





JI. 





MONITORING. 
UNCOMPLICATED. 


DATASCOPE 
TYPE P2 


PRESSURE MODULE 


SENSITIVITY 


—— — 
$ ' = p' 
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The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we ve simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


Registered Trademark of Edwards Laboratories, Division of American 


TYPE L PHYSIOLOGICAL ALARM 


J 


SATASCOF 
PHYSIOLOGICAL RECORDER 


| mm SYSTOLIC 
or 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED IN. 
THE PRESENCE OF FLAMMABLE ANESTHETICS 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
It's extremely light, and com- 
pact. It easily fits af bedside. 
And it’s portable. You can 
move it where you need it, 


when you need it. 

50 you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


spital Supply Corp. 





AM-nb-A f TIL.A!. 
LOWN CARDIOVERTER SYSTEMS 
TO MEET EVERY HOSPITAL 
CARDIORESUSCITATION NEED 
From the Pulsar'4 battery- 
$ $4... powered portable 
—f 44. that goes anywhere... 
„to the mobile, 
Jine- operated 2500 
that doubles . Y y 
as al-bed, 3 m 
critical-care system. 


Find out even more by sending in the attached postage-paid card. 











First Class 


Senes — Arm 
if mailed in the United Sta 


Postage will be paid by 





Anaoa Optica i MEDICAL DIVISION 


osby fg hs 
Bacto d, MA 01730 


a 


WHATEVER YOUR CARDIORESUSCITATION NEEDS, 
A0 HAS THE SYSTEM 


, A battery-powered, portable Lown 
" CARDIOVERTER®—the Pulsar™ 4 
System. 


Goes everywhere, does 
everything a portable 
defibrillator should. 
Monitor, recorder, 
defibrillator, and 
battery charger all in 
one easy-to-carry case. 
Large, easy-to-read 
monitor, removable for 
patient transport. 







X 


Line-operated Lown CARDIOVERTER 
models for every hospital area. 


The 2500 Series Cardioverter System. A 
complete crash-cart or one-patient critical- 
care monitoring system. Flexibility of 
single- or dual-channel recorder; blood pres- 
sure or other physiological monitoring; 
nonfade or bouncing ball trace; hard wire 
or telemetry; synchronized or nonsynchro- 
nized DC defibrillators using Lown wave- 
form; digital or meter heart rate display 
with alarms and systole sound module. 


The 2300 Series CARDIOVERTER 
System. 


Designed for all crash-cart applications. 
Approaches the 2500 in flexibility, without 
blood pressure or other physiological moni- 
toring and dual-channel recorder 
capabilities. 


The 2200 Series 
CARDIOVERTER 
System. 


Designed to operate 
with your monitoring 
system. Simply plugs 
into AO bedside 
system, eliminating 
the need for dupli- 
cate scope and E 
recorder modules. 





For more information about AO Cardio- 
resuscitation Systems, fill in and mail 
the postage-paid card. 


AO 


American Optical MEDICAL DIVISION Bedford, MA 01730 


Gentlemen: 


E Please have a 
representative 
call for an appointment 
to demonstrate one of 
your cardioresus- 
citation systems. 


Name _ 


Hospital 





Address 


= Title 


Please send me 

more information 
about your line of 
cardioresuscitation 
systems. 

















L. A 


Phone 


LJ 
.. State * |. Zip 
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A new recorder to matic 
the superior performance. 


of the SKI Echo System. 


INTENSITY 


FOOT SWITCH 
IN 


MULTIPLIER = 


e 


Y SKI Smith Kline Instruments, Inc 








The new Ekoline 21 Recorder B Built-in latensifier, variable 
brings advanced performance paper speed. 

features to the SKI Echo 
System —the most outstand- 
ing system of its kind available 
today. The Ekoline 21 provides: 


If you would like more details 
about the new Ekoline 21 and 
the SKI Echo System, call or 
write: Smith Kline Instruments, 
Inc., Dept. U, 880 W. Maude 
Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 


B Simplified operating con- 
trols that are both complete 
and logical. 


E Fiber-optic strip chart re- I Compact size for easy 


cordings with maximum portability. 
grey-scale capability, out- B Strip-chart paper quantity- SH 
standing resolution and level indicator A Subsidiary of Smithkline Corporation 


crisp definition. B Traditional SKI quality. 


m 8"-wide paper, with space With the ad&tion of the new 


for four-parameter traces. 







offers complete 
sponsibility for all 
and repair service. 








For the special needs of patients 
-with hard, dry stools 


Hard, dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 
comfortable relief by softening the stool and stimulating its movement. 


Provides standardized senna concentrate, 

a Clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands of patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosage levels. 


Provides DSS, the classic stool softener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by “moistening” and softening the stool for smoother and easier passage. 


Comfortable overnight action 

With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 


© COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY ‘NORWALK, CONN, 06856 
A8339 178576 


Senokot 


(standardized senna concentrate and dioctyl sodium sulfosuccinate ) tablets 


the"S"stands for softener 
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Clinical Studies 
Symposium on Advances in Cardiovascular Nuclear Medicine 
_ Symposium on Hypertension. Part Ill 


Contents on Page A7 
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~- Hypertension 
T . Animpoortant 
new inaication for 


Inderal 


oropranolol hydrochloride 


Tablets 10 mg, 40 mg, 80mg 
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Hypertension: 
a new indication for Inderal 


Inderal (propranolol hydrochloride) is 
indicated in the management of hyperten- 
sion. It is usually used in combination with 
other drugs, particularly a thiazide diuretic. 
Inderal is not indicated for treatment of 
hypertensive emergencies. 


B lhe usual effective dose range is 160 to- 
480 mg per day. In some instances dosages 
of 640 mg per day may be required. 
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B The time course of full blood pressure 
response is variable and may range from a 
few days to several weeks. 
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B inderalis usually used in conjunction 

with other antihypertensive agents, particu-. 
larly a thiazide diuretic. When Inderal is 
employed as the sole therapeutic agent, 
concomitant dietary sodium restriction may 
be advantageous. 


oM dd 


Actions of Inderal 


Propranolol hydrochloride decreases heart 
rate, cardiac output, and blood pressure. 
Although total peripheral vascular resistance 
may increase initially, it readjusts to the pre- 
treatment level, or lower, with chronic usage. 
Earlier studies indicate that plasma volume 
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How Inderal is supplied 
TABLETS | 


remains unchanged or may decrease. How- 
ever, there are certain more recent studies 
suggesting that in the absence of sodium 
restriction, plasma volume may increase. 


Mechanism of 
antihypertensive effects 


The mechanism of the antihypertensive 
effects of Inderal has not been established. 


— Each tablet contains 10 mg of propranolo 
hydrochloride, in bottles of 100 and 1,000. 


— Each tablet contains 40 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. : 


— Each tablet contains 80 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. 
(See HOW SUPPLIED section information 
on following pages.) 


Among the factors that may be involved are: 
sf 
_ (1) decreased cardiac output, 





(2) inhibition of renin (S207 
release by the kidneys, e 





and 
(3) diminution of tonic : 
sympathetic nerve c. 
outflow from vasomotor a n 
centers in the brain. Fe SA 
+ NK. 
i1 E 
Inderal dosage must be | E 
individualized E. 
ae aE 4 
B The initial dose is 80 mg Inderal daily in 78 
divided doses. The dose may be increased E 
gradually until optimum blood pressure a 
response is achieved. a 
i 
; Before prescribing Inderal for hypertension. 3 
, please read the full prescribing information on 3 
; the following two pages. Ayerst. 3 





























































qe (For full product information, see package cir- 
cu ila ir) 
I DERAL* 
Brand of propranolol hydrochloride 
A | beta-adrenergic blocking agent 


BEFORE USING INDERAL ‘PROPRANOLOL 
* HYDROCHLORIDE). THE PHYSICIAN 
-SHOULD#E THOROUGHLY FAMILIAR WITH 
a THE BASIC CONCEPT OF ADRENERGIC 
— RECEPTORS ‘ALPHA AND BETA), AND THE 
_ PHARMACOLOGY OF THIS DRUG. 


ACTIONS 


INDERAL is a beta-adrenergic receptor block- 
m . possessing no other autonomic ner- 
Vous system activity. It specifically competes 
wit beta-adrenergic receptor stimulating 
aj ents for available beta receptor sites..When 
access to beta receptor sites is blocked by 
DERAL. the chronotropic, inotropic, and 
sodilator responses to beta-adrenergic 
stimulation are decreased proportionately. 

 Propraffolol is almost completely absorbed 
3 m the gastrointestinal tract, but a portion is 
l mediately bound by the liver. Peak effect oc- 
curs in one to one and one-half hours. The 
b nologic half-life is approximately two to three 
rs. Propranolol is not significantly dialyza- 
ble. There is no simple correlation between 
dose or plasma level and therapeutic effect, and 
e dose- “sensitivity range as observed in clini- 
eal practice is wide. The principal reason for 
t his is that sympathetic tone varies widely be- 
tw een individuals. Since there is no reliable 
test to estimate sympathetic tone or to deter- 
mine whether total beta blockade has been 
hieved, proper dosage requires titration. 
Additional carcinogenicity studies in rats 
mice conforming to recently accepted pro- 
tocols are nearing completion and no drug- 
related increase in tumors has been observed. 
TT he mechanism of the antihypertensive 
jen cts of INDERAL has not been established. 

nong the factors that may be involved are (1) 
decreased cardiac output, (2) inhibition of renin 
lease by the kidneys, and (3) diminution of 
ton ic sympathetic nerve outflow from vasomo- 
Lor centers in the brain. 

- Propranolol hydrochloride decreases heart 


though total peripheral vascular resistance 
increase initially, it readjusts to the pre- 
t Benirnent level, or lower, with chronic usage. 
E lier studies indicate that plasma volume re- 
ins unchanged or may decrease. However, 
there are certain more recent studies suggest- 
ing that in the absence of sodium restriction, 
jlasma volume may increase. 
E receptor blockade is useful in conditions 
vhich, because of pathologic or functional 
changes sympathetic activity is excessive or 
B there ar and detrimental to the patient. 
there are also situations in which sym- 
hetic stimulation is vital. For example, in 
po jatients with severely damaged hearts. ade- 
1a Le ventricular function is maintained by 
virt ue of sympathetic drive which should be 
eserved. In the presence of AV block. beta 
|: ckade may prevent the necessary facilitat- 
ing effect of sympathetic activity on conduc- 
tion. Beta blockade results in bronchial con- 
striction by interfering with adrenergic 
br onchodilator activity which should be 
eserved in patients subject to bronchospasm. 
3 The proper objective of beta blockade 
therapy is to decrease adverse sympathetic 
$ stimulation but not to the degree that may im- 
pé air necessary sympathetic support. 
Propranolol exerts its antiarrhythmic effects 
in concentrations associated with beta- 
drenergic blockade and this appears to be its 
principal antiarrhythmic mechanism of action. 
The membrane effect also plays a role, particu- 
larly, some authorities believe, in digitalis-in- 
‘duced arrhythmias, Beta-adrenergic blockade 
is of unique importance in the management of 
arrhythmias due to increased levels of circulat- 
‘ing catecholamines or enhanced sensitivity of 


issociated with pheochromocytoma, thyrotoxi- 
sis, exercise). — 

- In dosages greater than required for beta 

Blockade. INDERAL also exerts a quinidine- 

like or anesthetic-like membrane action which 
ffects the cardiac action potential and 

Ae presses cardiac function. 


z E cardiac output, and blood pressure.. 


the heart to catecholamines (arrhythmias | 
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Propranolol may reduce the oxygen require- 
ment of the heart at any given level of effort by 
blocking catecholamine-induced increases in 
heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. 
On the other hand, propranolol may increase 
oxygen requirements by increasing left 
ventricular fiber length, end diastolic pressure, 
and systolic ejection period. 

If the net physiologic effect of beta 
adrenergic blockade in angina is advantageous, 
it would be expected to manifest itself during 
exercise by delayed onset of pain due to 
decreased oxygen requirement. 


INDICATIONS 
Hypertension 


INDERAL is indicated in the management of 
hypertension. It is usually used in combination 
with other drugs, particularly a thiazide 
diuretic. INDERAL is not indicated for treat- 
ment of hypertensive emergencies. 

Angina Pectoris Due to Coronary 
Atherosclerosis 

The initial treatment of angina pectoris in- 
volves weight control, rest, cessation of smok- 
ing, use of sublingual nitroglvcerin, and avoid- 
ance of precipitating circumstances. 
INDERAL is indicated in selected patients with 
moderate to severe angina pectoris who have 
not responded to these conventional measures. 
Propranolol should not be used in patients with 
angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL (propranolol hydrochloride) ex- 
erts both favorable and unfavorable effects, the 
preponderance of which may be beneficial. (See 
ACTIONS Section.) INDERAL should not be 
continued unless there is reduced pain or in- 
creased work capacity. 

Because of the potential for adverse results, 
treatment should be carefully monitored. The 
patient should also be reevaluated periodically 
since the dosage requirement and the need to 
continue INDERAL may be altered by clinical 
exacerbations or remissions. (See DOSAGE 
AND ADMINISTRATION.: 

Additional studies of the effects of 
INDERAL in angina pectoris patients are in 
progress to better evaluate and define the 
proper role of INDERAL in this condition. 
Cardiac Arrhythmias 
1.)Supraventricular arrhythmias 

a) Paroxysmal atrial tachycardias, particu- 
larly those arrhythmias induced by cate- 
cholamines or digitalis or associated with 
the Wolff-Parkinson-White syndrome. 
(See W-P-W under WARNINGS.) 

b) Persistent sinus tachycardia which is non- 
compensatory and impairs the well-being 
of the patient. 

c)Tachycardias and arrhythmias due to 
thyrotoxicosis when causing distress or in- 
creased hazard and when immediate 
effect is necessary as adjunctive, short 
term (2-4 weeks) therapy. May be used 
with, but not in place of, specific therapy. 
(See Thyrotoxicosis under WARNINGS.) 

d) Persistent atrial extrasystoles which im- 
pair the well-being of the patient and do 
not respond to conventional measures. 

e) Atrial flutter and fibrillation when 
ventricular rate cannot be controlled by 
digitalis alone, or when digitalis is con- 
traindicated. 

2.) Ventricular tachycardias 

Ventricular arrhythmias do not respond to pro- 
pranolol as predictably as do the supra- 
ventricular arrhythmias. 

a) Ventricular tachycardias 
With the exception of those induced by 
catecholamines or digitalis, INDERAL is 
not the drug of first choice. In critical 
situations when cardioversion technics or 
other drugs are not indicated or are not 
effective, INDERAL may be considered. If, 
after consideration of the risks involved, 
INDERAL is used, it should be given intra- 
venously in low dosage and very slowly. 
(See DOSAGE AND ADMINISTRATION.) 
Care in the administration of INDERAL 
with constant electrocardiographic 
monitoring is essential as the failing heart 
requires.some sympathetic drive for main- 
tenance of myocardial tone. s 

b) Persistent premature ventyicular ex- 





trasystoles which do not respond to con- 
ventional measures and impair the well- 
being of the patient. 

3.) Tachyarrhythmias of digitalis intoxication 

If digitalis-induced tachyarrhythmias per- 
sist following discontinuance of digitalis and 
correction of electrolyte abnormalities, they 
are usually reversible with oral INDERAL. 
Severe bradycardia may occur. (See OVER- 
DOSAGE OR EXAGGERATED 
RESPONSE.) 
Intravenous propranolol hydrochloride is 
reserved for life-threatening arrhythmias. 
Temporary maintenance with oral therapy 
may be indicated. (See DOSAGE AND AD- 
MINISTRATION.) 

4.) Resistant tachyarrhythmias due to ex- 
cessive catecholamine action during 
anesthesia 
Tachyarrhythmias due to excessive cate- 
cholamine action during anesthesia may 
sometimes arise because of release of endog- 
enous catecholamines or administration of 
catecholamines. When usual measures fail 
in such arrhythmias, INDERAL (propranolol 
hydrochloride) may be given intravenously 
to abolish them. All general inhalation 
anesthetics produce some degree of myo- 
cardial depression. Therefore, when 
INDERAL is used to treat arrhythmias dur- 
ing anesthesia, it should be used with ex- 
treme caution and constant ECG and central 
venous pressure monitoring. (See WARN- 
INGS.) E 

Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of 
hypertrophic subaortic stenosis, especially for 
treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL 
also improves exercise performance. The effec- 
tiveness of INDERAL in this disease appears to 
be due to a reduction of the elevated outflow 
pressure gradient which is exacerbated by beta 
receptor stimulation. Clinical improvement 
may be temporary. 


Pheochromocytoma 

After primary treatment with an alpha- 
adrenergic blocking agent has been instituted, 
INDERAL may be useful as adjunctive therapy 
if the control of tachycardia becomes necessary 
before or during surgery. 

It is hazardous to use INDERAL unless 
alpha-adrenergic blocking drugs are already in 
use, since this would predispose to serious blood 
pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine 
leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is 
a disadvantage in having both beta and alpha 
blockade since the combination prevents the 
increase in heart rate and peripheral vaso- 
constriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromo- 
cytoma, INDERAL may be useful as an adjunct 
to the management of symptoms due to ex- 
cessive beta receptor stimulation. 


CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock; 5) right 
ventricular failure secondary to pulmonary hy- 
pertension; 6) congestive heart failure (see 
WARNINGS) unless the failure is secondary to 
a tachyarrhythmia treatable with INDERAL; 
7) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), 
and during the two week withdrawal period 
from such drugs. 


WARNINGS 


CARDIAC FAILURE: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and inhibi- 
tion with beta-blockade always carries the po- 
tential hazard of further depressing myocardial 
contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing 
the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength of 
myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action 
of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of 
INDERAL and digitalis are additive in depress- 
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ing AV conduction. 


IN PATIENTS WITHOUT A HISTORY OF 
CARDIAC FAILURE, continued depression of 


the myocardium over a period of time can, in - 


some cases, lead to cardiac failure. In rare in- 
stances, this has been observed during 
INDERAL (propranolol hydrochloride) therapy. 
Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be 
fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure 
continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be 
immediately withdrawn; b) if tachyarrhythmia 
is being controlled, patients should be main- 
tained on combined therapy and the patient 
closely followed until threat of cardiac failure 
is over. 


IN PATIENTS WITH ANGINA PEC- 
TORIS, there have been reports of ex- 
acerbation of angina and, in some cases, 
myocardial infarction, following abrupt 
discontinuation of INDERAL therapy. 
Therefore, when discontinuance of 
INDERAL is planned the dosage should 
be gradually reduced and the patient 
carefully monitored. In addition, when 
INDERAL is prescribed for angina pec- 
toris, the patient should be cautioned 
against interruption or cessation of 
therapy without the physician's advice. If 
INDERAL therapy is interrupted and ex- 
acerbation of angina occurs, it usually is 
advisable to reinstitute INDERAL 
therapy and take other measures ap- 
propriate for the management of unsta- 
ble angina pectoris. Since coronary ar- 
tery disease may be unrecognized, it may 
be prudent to follow the above advice in 
patients considered at risk of having oc- 
cult atherosclerotic heart disease, who 
are given propranolol for other indica- 
tions. 


IN PATIENTS WITH THYROTOXICOSIS, 
possible deleterious effects from long term use 
have not been adequately appraised. Special 
consideration should be given to propranolol's 
potential for aggravating congestive heart 
failure. Propranolol may mask the clinical 
signs of developing or continuing hyperthyroid- 
ism or complications and give a false impres- 
sion of improvement. Therefore, abrupt with- 
drawal of propranolol may be followed by an ex- 
acerbation of symptoms of hyperthyroidism, in- 
cluding thyroid storm. This is another reason 
for withdrawing propranolol slowly. 
Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON- 
WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the 
tachycardia was replaced by a severe bradycar- 
dia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg 
propranolol. 

IN PATIENTS DURING ANESTHESIA with 
agents that require catecholamine release for 
maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic 
effect. Therefore. INDERAL should be titrated 
carefully when administered for arrhythmias 
occurring during anesthesia. 


IN PATIENTS UNDERGOING MAJOR 
SURGERY, beta blockade impairs the ability of 
the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 
hours prior to surgery, at which time all chemi- 
cal and physiologic effects are gone according 
to available evidence. However, in case of 
emergency surgery, since INDERAL is a com- 
petitive inhibitor of beta receptor agonists, its 
effects can be reversed by administration of 
such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to 
protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has 
also been reported. 


IN PATIENTS PRONE TO NONALLERGIC 
BRONCHOSPASM (e.g, CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be 
administered with caution since it may block 
bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta 
receptors. 
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DIABETICS AND PATIENTS SUBJECT TO 
HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL 
(propranolol hydrochloride) may prevent the 
appearance of premonitory signs and 
symptoms (pulse rate and pressure changes! of 
acute hypoglycemia. This is especially impor- 
tant to keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accom- 
panied by. a precipitous elevation of blood 
pressure. 

USE IN PREGNANCY: The safe use of 
INDERAL in human pregnancy has not been 
established. Use of any drug in pregnancy or 
women of childbearing potential requires that 
the possible risk to mother and/or fetus be 
weighed against the expected therapeutic ben- 
efit. Embryotoxic effects (fetal resorptions) 
have been seen in animal studies at doses about 
10 times the maximum recommended human 
dose. 

PRECAUTIONS 


Patients receiving catecholamine depleting 
drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added 
catecholamine blocking action of this drug may 
then produce an excessive reduction of the 
resting sympathetic nervous activity. Occa- 
sionally, the pharmacologic activity of 
INDERAL may produce hypotension and/or 
marked bradycardia resulting in vertigo, syn- 
copal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged 
periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be 
used with caution in patients with impaired 
renal or hepatic function. 


ADVERSE REACTIONS 


Cardiovascular: bradycardia; congestive heart 
failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; arterial insuf- 
ficiency, usually of the Raynaud type: throm- 
bocytopenic purpura 

Central Nervous System: lightheadedness; 
mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental 
depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible 
syndrome characterized by disorientation for 
time and place, short term memory loss, emo- 
tional lability, slightly clouded sensorium, and 
decreased performance on neuropsycho- 
metrics. 

Gastrointestinal: nausea, vomiting, epi- 
gastric distress, abdominal cramping, diarrhea, 
constipation 

Allergic: pharyngitis and agranulocytosis. 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and 
respiratory distress, 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrom- 
bocytopenic purpura, thrombocytopenic pur- 
pura 

Miscellaneous: reversible alopecia. Oculo- 
mucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported 
for a beta blocker (practolol) have not been con- 
clusively associated with propranolol. 
` Clinical Laboratory Test Findings: Elevated 


blood urea levels in patients with severe heart 


disease, elevated serum transaminase, alkaline 
phosphatase. lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is 
different for each indication. 

ORAL 

HYPERTENSION — Dosage must be individ- 
ualized. 

The initial dose is 80 mg INDERAL daily in 
divided doses. The dose may be increased grad- 
ually until optimum blood pressure response is 
achieved. The usual effective dose range is 160 
to 480 mg per day. In some instances dosages of 
640 mg per day may be required. The time 
course of full blood pressure response is varia- 
ble and may range from a few days to several 
weeks. INDERAL is usually used in conjunc- 
tion with other antihypertensive agents, par- 
ticularly a thiazide diuretic. When INDERAL is 
employed as the sole therapeutic agent, con- 
comitant dietary sodium restriction may be ad- 
vantageous. 


ANGINA PECTORIS — Dosage must be indi- 


 vidualized, 


Starting, with 10-20 mg three or four times 


 'THERE IS EVIDENCE THAT EPINEPHRINE 
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daily, before meals and at bedtime, dosa 

should be gradually increased at three to sei en 
day intervals until optimum response is ob- 
tained. Although individual patients may re- 
spond at any dosage level, the average optimum 
dosage appears to be 160 mg per day. In angini 
pectoris, the value and safety of dosage exceed 
ing 320 mg per day have not been estabjishéd: 
If treatment is to be discontimued, reduce 
dosage gradually over a period of severa 

weeks. (‘See WARNINGS.) AS 
ARRHYTHMIAS ~— 10-30 mg three or fou 
times daily, before meals and at bedtime. — 
HYPERTROPHIC SUBAORTIC STEN: 
ly 


"E 
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OSIS— 20-40 mg three or four times- 
before meals and at bedtime. | y: 
PHEOCHROMOCYTOMA — Preoperat 
—60 mg daily in divided doses for three days 
prior to surgery, concomitantly with an alpha: 
adrenergic blocking agent. m 
— Management of inoperable tumor—3 
daily in divided doses; E. 
PEDIATRIC DOSAGE s x 2M 
At this time the data on the use of the dru 
this age group are too limited to permi | ac 
quate directions for use. m 
INTRAVENOUS X» 
Intravenous administration is reserved for 
life-threatening arrhythmias or those occur 
ring under anesthesia. The usual dose is from 1 
to 3 mg administered under careful mo itor- 
ing, e.g. electrocardiographic, central venous 
pressure, The rate of administration should not 
exceed 1 mg (1 ml) per minute to diminish the 
possibility of lowering blood pressure and caus: 
ing cardiac standstill. Sufficient time shoul lt € 
allowed for the drug to reach the site of ac Lior 
even when a slow circulation is present. If nec- 
essary, a second dose may be given after two 
minutes. Thereafter, additional drug shou d 
not be given in less than four hours. Additional 
INDERAL should not be given when the 
desired alteration in rate and/or rhythm is 
achieved. PDAS 
Transference to oral therapy should be made 
as soon as possible. 0 
The intravenous administration of INDERAL 
has not been evaluated adequately in the man; — 
agement of hypertensive emergencies. — 
OVERDOSAGE OR EXAGGERATED | 
RESPONSE UNES 
IN THE EVENT OF OVERDOSAGE OR EX. 
AGGERATED RESPONSE, THE FOLLOW- 
ING MEASURES SHOULD BE EMPLOYED 
BRADYCARDIA —ADMINISTER A’ RO- 
PINE (0.25 to 1.0 mg: IF THERE IS Ni 
RESPONSE TO VAGAL BLOCKADE, ADMIN- 
ISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE— DIGITALIZATION. 
AND DIURETICS NEA M 
HYPOTENSION — VASOPRESSORS, eg 
LEVARTERENOL OR EPINEPHRINE 
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IS THE DRUG OF CHOICE) im" 
BRONCHOSPASM —ADMINISTER ISO- 
PROTERENOL AND AMINOPHYLLINE - Es 
HOW SUPPLIED Ede: 
INDERAL NEN 
(propranolol hydrochloride) — — — 
TABLETS , num 
— Each tablet contains 10 mg of propranolol - 
hydrochloride, in bottles of 100 (NDC 0046- - 
0461-81) and 1,000 (NDC 0046-0461-91), . 
Also in unit dose package of 100 (NDC 0046- - 
0461-99). t uu 
— Each tablet contains 40 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- 
0464-81) and 1,000 (NDC 0046-0464-91). 
Also in unit dose package of 100 (NDC 0046- 
0464-99) . E 
—Each tablet contains 80 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- | 
0468-81! and 1,000 (NDC 0046-0468-91). 
Also in unit dose package of 100 (NDC 0046- 
0468.99) ENN E 
INJECTABLE À "A > 
—Each ml contains 1 mg of propranolol hy- — 
drochloride in Water for Injection. The pH is | 
. adjusted with citric acid. Supplied as: 1 ml - 
| &ampuls in boxes of 10 (NDC 0046-3265-10 E 
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IN CONGESTIVE HEART FAILURE" 


ADD 


DYRENIUM 


& 
(te iamterene, SK&F CO. 5o mg. and 100 mg. 


TO FUROSEMIDE 


WHEN CONSERVATION OF 
POTASSIUM BALANCE IS DESIRED 


'Dyrenium' helps the patient retain essential potassium stores 
even during the first critical days of vigorous therapy with 
potent diuretics and digitalis. 


When used with another diuretic, 'Dyrenium' has an additive 
effect, so initial dosage of both agents should usually be 
reduced; careful supervision and dosage adjustment are sio 
required. K* supplements should not be given unless 
dosage adjustment fails to reduce excessive K ' loss, hypo- 
kalemia develops, or dietary K * intake is markedly reduced. 
Hyperkalemia can occur, but it is rare in patients with normal 
renal function. Serum K * and BUN should be checked 
periodically, particularly in elderly patients, diabetics, or 
those with suspected or confirmed renal insufficiency. 


Before prescribing, see complete prescribing information in 
SKA&F literature or PDR. The following is a brief summary. 


*indications: Edema associated with congestive heart failure, 
cirrhosis and nephrotic syndrome; steroid-induced edema, 
idiopathic edema, edema due to secondary hyperaldosteronism, 
to increase diuresis in patients resistant to other diuretics alone 


Contraindications: Severe or progressive kidney disease Or 
dysfunction (possible exception: nephrosis). Severe hepatic 
disease. Pre-existing elevated serum potassium. Hypersensitivity 
to the drug. Continued use in developing hyperkalemia. Do not 
give potassium supplements, either by drug or by diet 


Warnings: Observe regularly for possible blood dyscrasias, liver 
damage or other idiosyncratic reactions. Blood dyscrasias have 
been reported. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or 
confirmed renal insufficiency. Use in pregnancy only when 
essential to patient welfare 


Dyrenium (triamterene, SK&F) and spironolactone are not 
usually used concurrently; if they are, however, frequent serum 
potassium determinations are required 


Precautions: |f hyperkalemia develops, withdraw the drug. The 
following may also occur: electrolyte imbalance, low-salt Syn- 
drome (with low salt intake), reversible mild nitrogen retention, 
decreasing alkali reserve with possible metabolic acidosis. Do 
periodic hematologic studies in cirrhotics to check for nondrug- 
related variations in blood pictures, and in patients with folic acid 
depletion, since Dyrenium' may contribute to appearance of 
megaloblastosis. Concomitant use with antihypertensive drugs 
may result in an additive hypotensive effect. When Dyrenium is to 
be discontinued after intensive or prolonged therapy, withdraw 
gradually because of possible rebound kaliuresis. 

Adverse Reactions: Diarrhea, nausea and vomiting (may indi- 
cate electrolyte imbalance), other gastrointestinal disturbances, GIEF CO 
weakness, headache, dry mouth, anaphylaxis, photosensitivity, ù 
elevated uric acid, rash 

Note: When combined with another diuretic, De M dosage of Carolina, P.R. 00630 
each agent should be lower than recommended. : he ° 

Supplied: 50 and 100 mg. capsules, in bottles of 100 and in Subsidiary of SmithKline 
Single Unit Packages of 100 (intended for institutional use only). Corporation 
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Each effervescent tablet in solution supplies 25 


potassium as bicarbonate and citrate. 








e Convenient dosage ° Economical * Two easy-to-take flavors 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listiessness, mental confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritatión associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be-carefully directed 
to dissolve each dose completely in the stated 
amount of water. 1 
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Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product be taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 
lime flavors) cartons of 30 and 250. 
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= chemically unique vasodilator 

= mild to moderate in activity 

= effective in all grades of hypertension 

æ well suited for long-term therapy” 

s no tolerance observed in long-term therapy* 


The above is an artistic rendition of the molecular struct 
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ELL SUITED FOR LONG-TERM THERAPY... 





~ MINIPRES Dezente 


E o unique vasodilator. 
Mild to moderate in activity 


Effective in all grades of hypertension, either 
alone or in combination with a diuretic and/ 
or other antihypertensive agent. 


Direct action on the arterioles without 
clinically significant effects on cardiac 
output, renal blood flow or glomerular fil- 
tration rate. Reflex tachycardia frequently 
associated with other vasodilators is much 
less common with Minipress. 


No tolerance observed in long-term therapy 
in patients on continuous therapy for 
periods of up to 5 years. 


Studies in patients on continuous therapy 
for periods of up to 5 years indicate that 
'"Minipress is well suited for long-term 
therapy. 


Side effects most frequently experienced 
with Minipress in a series of 934 patients 
‘were: dizziness (10.3%), headache (7.890), 
‘drowsiness (7.6%), lack of energy (6.995), 
weakness (6.5%), palpitations (5.3%), and 
nausea (4.9%). A small percentage of pa- 
‘tients have experienced orthostatic hypo- 
tension (3.4%) and syncope (1.3%). (For a 
‘more detailed description of orthostatic 
‘hypotension and syncope, see Warnings in 
Brief Summary before initiating ne 
‘with Minipress.) 


Starting dosage: 1 mg. t.i.d. 


Usual maximum recommended dosage: 
20 mg. daily, given in divided doses. 


Available in 1-mg.,2-mg.,and 5-mg.capsules. 
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BRIEF SUMMARY 
MINIPRESS* (prazosin hydcaóhibri de) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be 
employed in a general treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 
response. 

WARNINGS. MINIPRESS (prazosin hydrochloride) may cause 
syncope with sudden loss of consciousness. In most cases this 
is believed to be due to an excessive postural hypotensive 
effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 
120-160 beats per minute. Syncopal episodes have usually oc- 
curred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid 
dosage increases or the introduction of another antihyperten- 
sive drug into the regimen of a patient taking high doses of 
MINIPRESS (prazosin hydrochloride). The incidence of syncopal 
episodes is approximately 1% in patients given an initial dose of 
2 mg or greater. Clinical trials conducted during the investiga- 
tional phase of this drug suggest that syncopal episodes can be 
minimized by limiting the initial dose of the drug to 1 mg, by sub- 
sequently increasing the dosage slowly, and by introducing any 
additional antihypertensive drugs into the patient's regimen 
with caution (see DOSAGE AND ADMINISTRATION). Hypoten- 
sion may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent posi- 
tion and treated supportively as necessary. This adverse effect is self- 
limiting and in most cases does not recur after the initial period of therapy 
or during subsequent dose titration. 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy. 

More common than loss of consciousness are the symptoms often 
associated with lowering of the blood pressure, namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to take should they develop. 
The patient should also be cautioned to avoid situations where injury 
could result should syncope occur during the initiation of MINIPRESS 
(prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosin hydrochloride) in preg- 
nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
not recommended in pregnant women unless the potential benefit out- 
weighs potential risk to mother and fetus. 

Usage in Children: No clinical experience is available with the use of 

MINIPRESS (prazosin hydrochloride) in children. 
ADVERSE REACTIONS. The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.38%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug. 

The following reactions have been associated with MINIPRESS 
(prazosin hydrochloride), some of them rarely. (In some instances exact 
causal relationships have not been established). 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discom- 
fort and/or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, 
paresthesia. 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, impotence. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included 
adequate baseline examinations, no drug-related abnormal 
ophthalmologica! findings have been reported. 

DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administration: 

Initial Dose: 1 mg three times a day. (See Warnings). 

Maintenance Dose: Dosage may be slowly increased to a total daily 
dose of 20 mg given in divided doses. Higher doses usually do not in- 
crease efficacy, however a few patients may benefit from further in- 
creases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily 
dosage regimen. 

Use With Other Drugs: When adding a diuretic or other anti- 

hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
carried out. 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 
1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and white 
#438) capsules in bottles of 250. 

More detailed information available on request. 


Pfizer, LABORATORIES DIVISION 
PFIZER INC 
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677 Acute Oral Testing for Determining Antiarrhythmic Drug Efficacy. |. Quinidine 


CHARLES E. GAUGHAN, BERNARD LOWN, JOSEPH LANIGAN, PANOS VOUKYDIS and 
HENRIQUE W. BESSER 


Acute oral drug testing with quinidine was carried out in 18 patients with high grade ventric- 
ular arrhythmia, consisting of administering a single large dose of quinidine, monitoring 
heart rhythm by programmed trendscription and measuring blood drug levels at selected 
intervals to record peak drug action and dissipation of effect over a period of 3 hours. This 
method provides an effective way to determine if quinidine is effective or hazardous. In 
seven of nine patients receiving maintenance quinidine therapy this method predicted the 
result when exposure of arrhythmia was achieved by either maximal exercise stress or 24 
hour monitoring. 


685  Undesirable Cardiac Arrhythmias Associated With Rate Hysteresis Pacemakers 
MARK E. THOMPSON and JAMES A. SHAVER 


The development of serious cardiac arrhythmias in two patients with rate hysteresis pace- 
makers required replacement of their pulse generators. The hysteresis interval after a 
sensed signal may result in long pauses that predispose to ventricular arrhythmias. Such 
pacemakers should be reserved for patients with predominantly sinus rhythm and no ven- 
tricular excitability. A permanent demand pacemaker with external rate control may pro- 
vide greater flexibility in managing arrhythmias in patients with frequent ectopic ventricular 
activity not easily controlled by antiarrhythmic agents. 


689  Propranolol-Induced Reduction of Signs of Ischemic Injury During Acute Myocardial 
Infarction 


HERMAN K. GOLD, ROBERT C. LEINBACH and PETER R. MAROKO 


The intravenous administration of 3 to 10 mg of propranolol to 12 patients with acute ante- 
rior transmural myocardial infarction significantly reduced within 30 minutes the signs of 
myocardial ischemic injury without excessively depressing myocardial function. Signifi- 
cant improvement occurred in S-T segment changes, heart rate, mean arterial pressure, 
cardiac output, ischemic pain and ventricular arrhythmias. Such therapy can be safely 
used in the early hours after myocardial infarction, when patients are categorized hemody- 
namically before drug administration and those with impaired circulatory dynamics exclud- 
ed. 


Continued on page A12 
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7696 * Propranolol Therapy in Patients Undergoing Myocardial Revascularization 


ELLIS L. JONES, JOEL A. KAPLAN, EDWARD R. DORNEY, SPENCER B. KING, III, 
JOHN S. DOUGLAS, Jr. and CHARLES R. HATCHER, Jr. 


TY 
B 


In this series of 185 patients undergoing coronary bypass surgery, operative mortality was 
not significantly different among patients who received propranolol within 48 hours of myo- 
cardial revascularization (3 percent), those who never took it and those who discontinued 
it more than 48 hours before operation (4 percent). Because abrupt withdrawal of propran- 
olol in patients with unstable angina may lead to acute myocardial infarction, gradual with- 
drawal of propranolol is recommended during the 48 hours before operation. If this is not 
possible, reduced doses may be given up to 10 hours before operation. 
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701 Effect of Lithium on Cardiovascular Performance: Report on Extended Ambulatory 
Monitoring and Exercise Testing Before and During Lithium Therapy 


ARA G. TILKIAN, JOHN S. SCHROEDER, JOHN KAO and HERBERT HULTGREN 
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Long-term lithium therapy may precipitate or aggravate ventricular arrhythmias but appar- 
ently does not affect cardiovascular performance as assessed by treadmill exercise testing 
in 12 subjects receiving such treatment. Dosage must be adjusted in patients with heart 
disease according to the factors interfering with renal clearance of this drug, such as heart 
failure, salt restriction and long-term diuretic therapy. Careful follow-up and electrocardio- 
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RR graphic monitoring are required if lithium is used in the presence of ventricular arrhyth- 
E mias. 

E. SYMPOSIUM ON ADVANCES IN CARDIOVASCULAR NUCLEAR MEDICINE 

b 

pP Introduction 

d HENRY N. WAGNER, Jr. 
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711 Radioactive Tracers in Congenital Heart Disease 
F SALVADOR TREVES and RUTH L. COLLINS-NAKAI 


Advances in radionuclide angiocardiographic equipment and the development of ultra- 
short-lived radionuclides have improved the diagnostic capabilities and safety of this useful 
and nontraumatic radionuclear method of evaluating patients with congenital heart dis- 
ease. Important applications are the detection, localization and quantification of intracar- 
diac shunts, particularly in the evaluation of the newborn infant with cyanosis or respiratory 
distress syndrome and the patient who has had cardiovascular surgery. 


| Techniques 
ALFRED F. PARISI, DONALD W. TOW and ARTHUR A. SASAHARA 


This review evaluates the current usefulness and limitations of the more important nuclear 
and other noninvasive diagnostic methods and their potential for solving problems in car- 
diovascular disease without escalating costs. These are particularly applicable to assess- 
ment of myocardial perfusion and myocardial function in coronary artery disease, identifi- 
cation and quantitation of cardiac valve disease and to recognition of pulmonary embolism 
without angiography. i 


Continued on page A13 
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Common Procedures for the Noninvasive Determination of Regional Myocardial Perfusion, 
Evaluation of Regional Wall Motion and Detection of Acute Infarction 


H. WILLIAM STRAUSS and BERTRAM PITT 


Attention is directed to some of the physiologic factors controlling the distribution of ra- 
dioactive tracers and the technical factors involved in their optimal recording and display. 
The procedures reviewed are the myocardial perfusion scan, both at rest and during stress; 
the recording of regional wall motion to evaluate ejection fraction and ventricular volumes 
and the size, shape and position of the cardiac chambers; and imaging of acute myocardial 
infarcts. 


739 Myocardial Perfusion Imaging and Gated Cardiac Blood Pool Scanning: Clinical Application 


BERTRAM PITT and H. WILLIAM STRAUSS 


The increasing uses of myocardial perfusion imaging and gated cardiac blood pool scan- 
ning in clinical cardiology include the detection of myocardial infarction when other nonin- 
vasive tests are not diagnostic, and determination of the site and extent of the infarct and 
the effect of the infarct on left ventricular function, particularly in cardiogenic shock. Imag- 
ing with thallium-201 at rest and after exercise may be more sensitive than exercise elec- 
trocardiography in detecting ischemic heart disease. The combined tracers technique is of 
value in studying patients undergoing coronary bypass surgery and those with cardiomyop- 
athy. 


747 The Nuclear Stethoscope: A Simple Device for Generation of Left Ventricular Volume 


751 


Curves 


HENRY N. WAGNER, Jr., ROBERT WAKE, EDWARD NICOLOFF and T. K. NATARAJAN 


This elegant first generational prototype of a nuclear stethoscope simplifies the recording 
of a time-dependent image of the rate of filling and emptying of the left ventricle. The 
knotty problems of calibration, correcting for background, and proper positioning of the de- 
tector must be solved before its full potential can be realized in the measurement of time 
intervals, ejection fraction and absolute ventricular volumes. 


Pathophysiologic Studies of the Pulmonary and Coronary Circulations in Man 


ATTILIO MASERI 


Nuclear medicine techniques show pulmonary blood flow is about 10 percent of the total 
blood volume in normal man and pulmonary blood volume is unchanged in patients with 
acute or chronic left atrial hypertension and in normal persons during expansion of total 
blood volume. Regional myocardial perfusion studies with xenon-133 reveal localized 
areas of ischemia distal to stenotic lesions even in resting patients. More severe ischemia 
is detected during angina produced by pacing. During attacks of variant angina, imaging 
with thallium-21 reveals cold areas suggesting transmural ischemia corresponding to the 
site of S-T elevation. 


Continued on page A17 


A Broken Heart 


It can start with a little © 
"high blood pressure 


- Infarction with rupture of the wall in the left 
ventricle of man. 66. with mild hypertension. 
Blood clot in pericardial sac: Postmortem. 


Photographed extlusively for Boehringer 
Ingelheim by Lennart Nilsson. 
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In mild to moderate NS E 
hypertension S 9 
S 


Catapres 
(clonidine HCl) 


Catapres can make a diuretic 
look good. 


When more than a diuretic is needed, adding Catapres 
usually lowers blood pressure more.! 


You can add Catapres to 
Catapres to get pressure down 


near normal. 


Wide therapeutic dosage range — 0.2 mg to 2.4 mg* 
daily. Catapres may be all you need to reach 
near-normal levels. 


*Doses as high as this have rarely been employed. 


Catapres usually doesn't add a 
lot of problems. 


The most common side effects — dry mouth, drowsiness, 
sedation — generally tend to diminish with time. When 
stopping Catapres, reduce dosage gradually over two 
to four days to avoid a possible rapid rise in pressure. 


* Please see next page of advertisement for 





a brief summary of the prescribing information including 
precautions, warnings, and adverse reactions. 
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Catapres......... 


(clonidine HCI) 


Start with Catapres when a 


d iuretic is wrong for your patient 
Add Catapres when a diuretic 
alone doesn't let you reach 


near-normal pressure 








E 
itspres? 

(clonidine hydrochloride) 
"Tablets of 0.1 mg and 0.2 mg 


‘Indication: The drug is indicated in the treatment of 
pertension. As an antihypertensive drug, Catapres 

{clonidine hydrochloride) is mild to moderate in potency. 

|t may be employed in a general treatment program 

with a diuretic and/or other antihypertensive agents 

‘as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
‘necessitating a reevaluation of therapy. 

sage in Pregnancy: In view of embryotoxic findings in 
‘animals, and since information on possible adverse 
‘effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
"benefits outweigh the potential risk to mother and fetus. 
"Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 


children. 


S recautions: When discontinuing Catapres (clonidine 
drochloride), reduce the dose gradually over 2 to 
4days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
"instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
'of clonidine hydrochloride therapy. A causal relation- 
| Ma has not been established in these cases. It has 
(been demonstrated that an excessive rise in blood pres- 
‘sure, should it occur, can be reversed by resumption 
‘of clonidine hydrochloride therapy or by intrave- 
-mous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
-or driving, should be advised of the sedative effect. 
"This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 
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In mild to moderate hypertension 


The Catapres Potential: 
9lood pressure not just down, 
but down near normal 


Hypertension through the lens of 
Lennart Nilsson. The photographic 
genius of Lennart Nilsson has revealed 
extraordinary details of the human 
organism. Now, Boehringer Ingelheim 
has commissioned an exclusive series 
of photographs by Nilsson depicting 
hypertensive damage. This series, 
presented in the interest of continuing 
medical education, vividly records the 
progression of an insidious disease. 


As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug, some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia, malaise, nausea, vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa: 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride, chlorthalidone, and 
papaverine hydrochloride. Weight gain, transient eleva- 


tion of blood glucose, or serum creatine phosphokinase: 


congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives, 
urticaria, thinning of the hair, pruritus not associated 
with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the 
eyes, dryness of the nasal mucosa, pallor, gyneco- 
mastia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval, single-scored tablets in bottles of 100. 
For complete details, please see full prescribing 
information. 
Under license from Boehringer Ingelheim GmbH 


Reference: 1. Data on file at Boehringer Ingelheim Ltd. 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 
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Organization of Cardiovascular Nuclear Medicine Units 


S. JAMES ADELSTEIN 


This paper attempts to provide an informative matrix for discussion and decision making 
concerning the organization and planning of cardiovascular nuclear medicine units that will 
not be made obsolete by the rapid rate of technologic advances in this growing field. Close 
cooperation between cardiologists and nuclear medicine physicians, recognition of the 
special needs of patients with acute and chronic cardiovascular disorders and the inclusion 
of one or more satellite units in addition to the central nuclear medical facility are some 
basic considerations for proper planning. 


SYMPOSIUM ON HYPERTENSION: PART Ill. Sodium and Potassium, Catecholamines, 
Renin and Adrenal Steroids as Causal Factors. Hypertension and Atherosclerosis. 
Clonidine Treatment and the Renin Axis 


Introduction 


JOHN H. LARAGH 


768 High Sodium-Low Potassium Environment and Hypertension 


GEORGE R. MENEELY and HAROLD D. BATTARBEE 


In this comprehensive review, evidence is presented that excessive dietary sodium and de- 
ficient dietary potassium from infancy to middle age play an important role in the genesis 
of hypertension in the large fraction of the population with a hereditary susceptibility to it. 
The authors then discuss the role of the low sodium-high potassium diet in the treatment of 
hypertension, particularly in the management of the young person with borderline hyper- 
tension, and they present a rational program for the hypertension-prone but normotensive 
person. 


786 Role of Hypertension in Atherosclerosis and Cardiovascular Disease 


WILLIAM HOLLANDER 


Mainly as a direct consequence of the mechanical stress placed on the heart and blood 
vessels, hypertension leads to the development of hypertensive heart disease and conges- 
tive heart failure, aggravates and accelerates the course of atherosclerosis and exerts 
other well known deleterious effects. The role of humoral factors and vasoactive hor- 
mones is probably secondary. Hypertension increases the susceptibility of small and large 
arteries to atherosclerosis and leads to occlusive disease of the coronary and cerebral 
vessels, leading to myocardial infarction and stroke. Disease of the arterial media, begin- 
ning in childhood with deposition of calcium, is an important cause of arterial hypertension. 
Proper and prompt treatment of patients with hypertension can control symptoms and pre- 
vent its complications. 
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; 01 Increased Plasma Catecholamines in High Renin Hypertension 
; VINCENT DeQUATTRO, VITO CAMPESE, YUKIO MIURA and DAATJE MEIJER 


Plasma catecholamine levels, indexes of sympathetic nervous tonicity, were increased in 
70 percent of hypertensive patients with high renin levels and in only 14 percent of hyper- 
tensive patients with low or normal renin levels. Thus, sympathetic nervous hypertonicity 
may elevate blood pressure and activate the renin-angiotension system in patients with 
high renin hypertension but without renal dysfunction. 


New Mineralocorticoids and Adrenocorticosteroids in Hypertension 
JAMES C. MELBY and SIDNEY L. DALE 


Increased secretion of the nonaldosterone mineralocorticoid deoxycorticosterone (DOC) 

and 18-hydroxy-1 1-deoxycorticosterone may initiate or perpetuate hypertension, or both, . 
e whereas 16(6-hydroxydehydroepiandrosterone may directly induce the hypertensive pro- 
cess in animals. Variations in the "steroid hypertensive syndrome” could account for the 
hypertension in a substantial portion of patients with low plasma renin activity. 





Adrenocortical Factors in Hypertension. |. Significance of 18-Hydroxy-11- 
Deoxycorticosterone 


STANLEY ULICK 


Neither significantly increased in experimental hypertension nor responsible for any appre- 
ciable effect in unselected patients with low renin essential hypertension, 18-hydroxy- 1 1 
deoxycorticosterone is increased in primary aldosteronism. It may indicate a histologic 
variant of the aldosteronoma, and appears to be an obligatory consequence of the secre- 
tion of fasciculata zone corticosterone since both the 118- and 18-hydroxylase enzymatic 
functions of the fasciculata zone are related and may involve the same enzyme protein and 
catalytic site. 


Renin and Aldosterone Suppression in the Antihypertensive Action of Clonidine 


MICHAEL A. WEBER, DAVID B. CASE, LESLIE BAER, JEAN E. SEALEY, 
JAN |. M. DRAYER, JORGE A. LOPEZ-OVEJERO and JOHN H. LARAGH 


o 


Clonidine proved effective in the treatment of hospitalized hypertensive patients, achieving 
a rapid reduction of blood pressure in subjects with high and normal renin levels by acute 
inhibition of renin-angiotensin pressor mechanisms, and a more gradual antihypertensive 
effect associated with reduced sympathetic activity regardless of renin status. Reduction 
of aldosterone secretion is a result of clonidine-induced inhibition of renin release, thereby 
preventing fluid retention which may maintain the hypertensive state. This critical antirenin 
action of clonidine occurred in all patients. : 
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The ideal coffee for the hypertensive... 





is low in caffein, high in potassium and long on flavor. 


Many physicians feel that stimulants and hypertension don’t mix. 
And, since thiazide and furosemide diuretics often used to treat 
hypertension tend to deplete serum potassium, a diet containing 


*Coffee is naturally low in sodium and high in potassium. There are 


potassium-rich foods is sometimes essential. 15 milligrams of sodium in each 100 grams of Freeze-Dried Instant SANK 
i N . s brand decaffeinated coffee. Each 2 grams (the usual serving per 6 fl. oz. c 
A recommendation of SANKA brand decaffeinated coff ce. contains 90 milligrams of potassium and only 0.3 milligrams of sodium 


(actual sodium content of prepared cup varies with water source). 
All milligram figures are researched approximates 


as part of a prudent diet for hypertensive patients who drink cof- 
fee, reduces the stimulant effect (only 3-5 mg. of caffein per 6-oz. 
cup). Further, it allows your patient to continue enjoying rich, FES A bie a ee MER Aa eae | 
flavorful coffee that contains approximately 4 mEq. of potas- 
sium per 6-oz. cup in the ground-roast form. 

Not surprisingly, SANKA” 97% caffein-free coffee is recom- 
mended by more physicians than all other brands of coffee 
combined. It’s available in food stores everywhere. ..in instant, 
freeze-dried and ground-roast forms. And at restaurants in 
convenient, single-service packages. 

| For a FREE Patient Sample Kit, please complete and return 


Maxwell House Division 
General Foods Corporation 
Box #3143 

Kankakee, Illinois 60901 





Gentlemen: Please send me a FREE kit containing patient samples 
an informative booklet, “The No-Coffee Edict,’ and a special coupo 
entitling me to a FREE jar of Freeze-Dried Instant SANKA* brand 
Decaffeinated Coffee. 
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Acute oral drug testing with quinidine was used in 18 patients with high 
grade ventricular arrhythmia. This method involves administering a single 
large dose of the antiarrhythmic agent, monitoring heart rhythm by means 
of programmed trendscription and determining blood drug levels at se- 
lected intervals. After quinidine was given in a dose of 0.6 g, 10 patient 

had a positive response, defined as a 50 percent or greater reduction : 
ventricular premature beats and abolition of repetitive ectopic beats. Drug 
action began a mean of 88 minutes after administration, and the mean 
peak blood quinidine level was 3.2 + 0.5 (standard error) ug/ml. Four 
patients had a paradoxic increase in arrhythmia. In nine patients the re- 
sponse to acute drug testing was compared with the response to main- 
tenance quinidine therapy with doses of 1.2 and 1.8 g/day. The presence 
of arrhythmia was assessed with 24 hour ambulatory monitoring and 
exercise stress testing. With both techniques, seven of nine patients 
showed results concordant with those of acute testing. Disparity in results 
of the two methods of drug administration was explained by the serum 
concentration of quinidine. Acute oral drug testing provides a new ap- 
proach for determining expeditiously whether quinidine is effective or 
hazardous in an individual patient. | 


Prevention of recurring ventricular arrhythmias and ventricular fibril- 
lation largely depends on the use of drugs.! At present, there is no rapid 
method for determining the efficacy and appropriate dose of an an- 
tiarrhythmic agent for suppressing ventricular ectopic activity. Neither 
the particular ventricular rhythm disorder nor the type and extent of 

underlying heart disease aid in selecting a specific drug. When an an- 
tiarrhythmic agent fails to prevent recurrence, there is no certainty 
whether it is the proper drug or if the correct dose has been administered. 

There are additional difficulties in choosing an effective antiarrhythmic 
agent. If the arrhythmia does not provoke symptoms, repeated and costly 
Holter ambulatory monitoring sessions are required to determine 
whether a drug is of value. When the arrhythmia is sporadic and infre- 
quent, there is no certainty, even with longer periods of monitoring, 
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whether the drug being administered is effective. The 
problem becomes even more challenging when the pa- 
Ent is afflicted with life-threatening rhythm disorders, 
or then there is no permissible error in drug prescrip- 
tion.. 
— We have developed a new method that enables rapid 
assessment of the effectiveness of a drug against ven- 
ricular arrhythmias. The method consists of acute drug 
E. and involves the following elements: 


— 1. Administration of a single large oral dose of the selected 
drug. 

. 2. Use of programmed trendscription to display the time 
course of drug action.” 
_ 3. Sampling of blood for drug concentration during this 









- This report describes the use of this approach for 
a Eun the action of quinidine in Sraa. advanced 


E M acute drug testing with the results of maintenance 
quinidine therapy. The maintenance program was of 
brief duration, and drug action was judged by means of 
xercise stress testing and 24 hour ambulatory elec- 
rocardiographic monitoring. 


Materials and Methods 


A Subjects: The study population consisted of 18 patients 
referred to the Antiarrhythmic Clinic at the Cardiovascular 
Laboratory of the Harvard School of Public Health. Entrance 
in to the study required a prevalence rate of ventricular pre- 
n nature beats exceeding 1/min during a 30 minute period of 
( ontrol monitoring. The following grading system for ven- 
; icular premature beats was employed '*: 











E 0 — no ventricular premature beats 
b 1 = occasional, isolated (<30/hour) 
E 1A = <1/min 
N 1B = 22/min 
4 2 = frequent (>30/hour) 
E. 3 — multiform 
* 4 — repetitive 
4A = couplets 
4B = salvos of three or more 


E 5 early, with T wave interruption 
p All patients manifested high grades of ventricular ectopic 
activity. Seventeen of the 18 subjects had grade 4 arrhythmia. 
Of these, 13 had experienced ventricular tachycardia either 
"^ brief three to four beat paroxysms or as sustained disorders 
requiring cardioversion. Four had cardiac arrest due to ven- 
tricular fibrillation and, of these, three experienced ventricular 
fibrillation on more than one occasion. 
— There were 15 men and 3 women ranging in age from 26 to 
81 years. Eleven of this group had coronary heart disease, 10 
aving experienced previous documented myocardial in- 
arction. One patient had a hypoplastic left anterior de- 
scending coronary artery. Six patients, including five with 
recurrent ventricular tachycardia, had no demonstrable evi- 
dence of organic cardiovascular disease. One 26 year old man 
had an apical systolic click but was free of murmurs, cardio- 
megaly or echocardiographic evidence of mitral valve abnor- 
mality. Two of the six patients without evident structural 
heart disease had cardiac catheterization. Their coronary 
‘arteries were normal, and they had no observable hemody- 
namic or ventricular contraction disorders. Each patient had 


given informed consent for participating in this investiga- 
tion. 

Programmed trendscription: This method has previously 
been described.? The system consists of three components: 
a trendscriber, a programmer and a telemetery unit. Moni- 
toring information is inscribed upon a circular drum. A heated 
stylus spirals downward at a speed of 6.25 mm/sec, that is, at 
one quarter the usual speed of the electrocardiographic re- 
corder. Each line inscribes 1 minute of information and 30 
lines can be written on a single page. The programming ap- 
paratus is a standard electronic clock that permits sampling 
at selected intervals ranging from 1 to 60 minutes. The te- 
lemetry transmitter is attached to the patient by means of two - 
leads, one located at the right infrascapular area and one in 
the Vs position, with one lead serving as a transmitting an- 
tenna. 

Acute antiarrhythmic drug testing: Each patient was 
instructed to take no antiarrhythmic drugs for 48 hours. 
Breakfast was limited to tea and toast 2 hours before the test. 
Thirty minutes of control trendscription was carried out. A 
complete electrocardiogram was also recorded. Once the 
prevalence of ventricular premature beats was documented, 
the trendscription programmer was switched from a contin- 
uous to a sampling mode of 1 minute during every 3 minutes. 
This sampling rate permits ready recognition of trends in 
arrhythmia prevalence without undue loss of data. It also fa- 
cilitates the ready visual scoring of frequency of ventricular 
premature beats. After the control period, each patient re- 
ceived 600 mg of quinidine sulfate by mouth. Subjects were 
seated in a comfortable reclining chair during the test. 
Reading material was provided, and the patients were en- 
couraged to move about the room to relieve boredom during 
the long procedure. Quinidine blood levels were obtained 
hourly. At the time of blood sampling, lead V4 or V4 was re- 
corded at 50 mm/sec for determining duration of the Q-T in- 
terval and width of the QRS complex. The test lasted for 5 
hours. The objective was to record peak drug action and dis- 
sipation of its effect as well as the possible recurrence of ar- 
rhythmia. If no antiarrhythmic action was recorded by 3 hours 
after drug ingestion, the test was terminated. When ar- 
rhythmia was absent during control trendscription, exercise 
on a bicycle ergometer was employed hourly to precipitate 
arrhythmia and thereby help define drug action. This proce- 
dure was required in two patients, both of whom had pre- 
viously experienced ventricular fibrillation. 

Antiarrhythmic maintenance therapy: After completion 
of the acute drug testing, 10 of the 18 patients began mainte- 
nance therapy with oral antiarrhythmic doses of quinidine. 
Five of the 10 patients had had a positive response to acute 
oral testing, whereas 5 had not. The maintenance dose was 0.3 
g every 6 hours or 1.2 g/day for 3 days. If ventricular ar- 
rhythmias were not suppressed but the patient had no un- 
toward effects and was willing to participate, the dose was 
increased to 0.6 g three times during waking hours for a total 
of 1.8 g daily. After 48 hours the effect of the drug was deter- 
mined with exercise testing and the result compared with 
results of the control exercise test performed before initiation 
of maintenance therapy. At the time of the exercise test, the 
blood quinidine level was measured. During the ensuing 24 
hours ambulatory monitoring was carried out and upon return 
of the portable recorder, the blood quinidine level was again 
determined. Quinidine was assayed by the method of Edgar 
and Sakolow* which recovers 100 + 5 percent (mean + stan- 
dard error) of quinidine at concentrations greater than 2 
ug/ml. The means of the group data were compared using 
Student's ¢ test, and, chi square testing was employed when 
appropriate. 


678 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


de^ 


Pie oh EU RIE EE Re FERT TERRE REPE 
v^ E -4 - c MU ada oia M 3 4 M . 4 ^ a 


Exercise stress testing: Patients exercised before and 48 
hours after institution of maintenance quinidine therapy. The 
exercise test for provoking arrhythmia has previously been 
described. Exercise was performed on a motorized treadmill 
with use of a Bruce protocol.” Silver-silver chloride electrodes 
in either the V4 or Vs position were used for recording. In 
addition to oscilloscopic monitoring, the entire test was 
trendscribed, and thus no ectopic activity was missed. The 
exercise testing was preceded by a 3 minute control electro- 
cardiogram obtained in the supine position, followed by 1 
minute of hyperventilation, and then a 1 minute record while 
the subject was standing. 

End points for exercise were disabling fatigue, dyspnea, 
intensifying angina pectoris with continued effort, or major 
ventricular arrhythmia.® In the absence of these changes, the 
patient was encouraged to continue. S-T segment depression, 
emergence of multiform ventricular premature beats, couplets 
or three beat ventricular tachycardia did not constitute a 
reason for terminating a test. After completion of exercise, the 
patient assumed a supine position and was monitored for 10 
minutes. 

'The exercise capacity, reasons for stopping the test, S-T 
segment changes and all arrhythmias were noted. The number 
and grade of ventricular premature beats in each minute of 
the control, exercise and postexercise periods were recorded. 
All tests were supervised by an experienced cardiologist. The 
exercise laboratory was fully equipped to respond to cardiac 
emergencies, but none were encountered in the course of this 
study. 

Ambulatory monitoring: The method of 24 hour contin- 
uous electrocardiographic monitoring has previously been 
described.'^? A portable cassette tape unit was used. Patients 
were coupled to the monitoring apparatus with standard 
disposable silver-silver chloride electrodes placed in a modi- 
fied lead II configuration. The compact recorder was attached 
to a belt worn around the waist and did not interfere with 
normal activity or even vigorous exercise. Patients were in- 
structed to proceed with routine tasks and not to avoid their 
usual daily stresses. 

Analysis of the 24 hour electrocardiographic record was 
accomplished with a three stage system of data processing.? 
The first involved the usual Holter screen of the 24 hour cas- 
sette at 60X real time. The second stage consisted of a 
semiautomated analysis, and the third constituted a quality 
control check. This last stage involved printout of a random 
hour of the 24 hour session in its entirety in a condensed form 
on a special XY plotter and was examined for each of the 60 
minutes for prevalence and type-of ventricular premature 
beats. 


Results 
Acute Quinidine Action 


Of the 18 patients given 0.6 g of quinidine in a single 
oral dose, 10 showed an antiarrhythmic response. This 
was defined as a 50 percent or greater reduction in in- 
cidence of ventricular premature beats and complete 
abolition of grade 4 ectopic beats during a 30 minute 
period within 1 to 3 hours after administration of the 
drug as compared with conditions in the control period 
of similar duration. Two patients who were free of 
ventricular premature beats during the control trend- 
scription had experienced ventricular fibrillation'in the 
immediate past. In these two, bicycle exercise was re- 
quired to provoke ectopic activity. The arrhythmia,was 
suppressed during peak quinidine action when these 
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TABLE I A 


Comparison of Quinidine Responders and Nonresponders 
During Acute Drug Testing r 








Responders Nonresponders 
Total subjects (no.) 10 8 | 
Subjects with heart disease (no.) 9 3 
VPBs (mean frequency/min) 10.6 146 — 
Grade 4A * 12.9 35.3 : 
Grade 4B* 0.8 15.3 ; 
Quinidine blood level (ug/ml) 
Mean * SE 3.2 + 0.50 3.3 + 0.53 — 
Range 1.1 to 5.7 1.1 to 6:3. 





* Per patient during 30 minutes of control monitoring. 
SE = standard error; VPBs = ventricular premature beats. 


patients underwent exercise. Among the 10 responde 
the frequency and severity of ventricular responders 
beats was less than among the 8 nonresponders (Table 
I). Thus, there was only 0.8 episode of ventricular 
tachycardia in the 30 minute control period among the 
10 responders compared with 15.3 such episodes among 
the 8 nonresponders (P <0.001). Among the responders, 
ventricular premature beats decreased from a mean of 
10.6 to 1.3/min (88 percent reduction), among nonre- 
sponders there was a slight increase at the time of peak 
drug action compared with the control period (from 14. 6 
to 15.6/min). 

All but 1 of the 10 responders had heart disease, 
whereas 5 of the 8 nonresponders had no evidence of 
organic cardiovascular disease. One nonresponder with 
coronary heart disease had a 99 percent reduction in 
frequency of ventricular premature beats, but 4A ar- 
rhythmia was not suppressed. In another nonresponder 
with heart disease, the prevalence of ventricular pre- 
mature beats remained unaltered (926 such beats during 
30 minutes of the control period and 951 during 30 
minutes after administration of quinidine), but 50 
couplets and 42 beats of ventricular tachycardia were 
abolished after quinidine. * 

Onset of quinidine action in the 10 responders, de- 
fined as a 25 percent reduction in incidence of ventric- 
ular premature beats, occurred in a mean time of 88 
minutes (range 30 to 150 minutes) (Fig. 1). In one pa- 
tient a decrease noted immediately after ingestion of 
quinidine was probably related to a placebo effect. : 

Duration of drug action could be defined in four 
patients and ranged from 30 to 240 minutes. In the other 
six the duration exceeded the five hours of the test 
procedure. The mean drug level was 3.2 ug/ml + 0.50 
(standard error) in the 10 responders and 3.3 ug/ml + 
0.53 in the 8 nonresponders. The drug level ranged from 
1.1 to 5.7 ug/ml in the former and from 1.1 to 6.3 ug/ml 
in the latter group. In four patients the mean drug 
concentration was 2.8 ug/ml at the time of recurrence 
of arrhythmia compared with a concentration of 3.8 
ug/ml at the time of maximal ventricular premature 
beat suppression. The mean peak drug concentration 
for patients manifesting a more prolonged quinidine 
effect was not significantly different from that of the 
four patients with a briefer drug action. 
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-. Adverse reactions were not observed. However, in 
four of the eight nonresponders the arrhythmia was 
aggravated after administration of quinidine. The mean 

‘quinidine blood level in these four patients was 3.2 
g/m], a value not statistically different from that of the 
responders. In three of the four patients, the increase 
in ventricular premature beats was associated with more 
f requent paroxysms of ventricular tachycardia (Fig. 2). 
In two patients grade 4A arrhythmia first increased 
| while the quinidine blood level was rising and then was 
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F FIG JRE 1. A 53 year old woman without organic heart disease but with 
grade 4A ventricular arrhythmia. During 30 minute trendscription she 
2x hibited 665 ventricular premature beats. Within 90 minutes after oral 
administration 0.6 g of quinidine, the blood level was 2.9 ug/ml and all 


ventricular premature beats were abolished. 
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URE 2. In an 81 year old man with coronary heat disease, 0.6 g of 
inidine was without effect on the frequency of ventricular premature 
beats; however, grade 4B arrhythmia increased. The three beat ven- 
ricular tachycardia evident in the bottom strip was not observed during 
he control period. 
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completely abolished (Fig. 3). Changes in heart rate, 
QRS width, P-R and Q-T interval durations are shown 
in Table II. Only the lengthening in Q-T interval after 
administration of quinidine achieved statistical sig- 
nificance. The mean increase was 49 msec. 


Comparison of Acute Drug Testing and 
Maintenance Therapy 


Exercise: This comparison was conducted among 
nine patients, four with coronary heart disease, one with 
a hypoplastic left anterior descending coronary artery 
and four with no cardiovascular disease. Two exercise 
tests were carried out 48 hours apart, the first while the 
patient was without drug and the second while he was 
receiving quinidine. The level of exercise was the same 
during both tests, as judged by duration of exercise and 
increase in heart rate. The duration of exercise was 7.8 
minutes and the increase in heart rate was 72 beats/min 
before administration of quinidine compared with 7.6 
minutes and 74 beats/min, respectively, after admin- 
istration of quinidine. Five of the nine patients had two 


TABLE II 


Electrocardiographic Changes After Oral Administration of 
0.6 g of Quinidine Sulfate as a Single Dose 











Control After Quinidine 
Heart rate (beats/min) 71+ 11.07 72 * 12.42 
P-R (sec) 0.18 * 0.036 0.17 + 0.028 
ORS (sec) 0.085 + 0.0075 0.09 * 0.015 
Q-T (sec) 0.38 * 0.05 0.416 + 0.06* 
Values expressed as mean * standard error. 
* P < 0.001. 
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FIGURE'3. In a 69 year old man with subtherapeutic blood levels of 
quinidine there was a striking increase in couplets (4A arrhythmia) from 
a rate of 1/min in the control period to 15/min when the quinidine 
concentration was 1.8 ug/ml. When the blood level reached 3.4 ug/ml, 
all ventricular premature beats (VPBs) were abolished. 
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successive 3 day courses of 1.2 and 1.8 g/day of quini- 
dine. 

Of this group of nine patients, four had and five had 
not responded to acute drug testing. When the results 
of acute drug testing were compared with results of 
exercise exposure of arrhythmia during maintenance 
therapy, seven patients had a concordant response and 
two a discordant response. All four patients who re- 
sponded to acute drug testing also showed suppression 
of arrhythmia with exercise. Among the five who failed 
to respond during acute drug testing, three had a similar 
response with exercise and two a discordant response 
(Table III). In one nonresponder during acute drug 
testing, the quinidine blood level was only 1.1 ug/ml. 
With a similar blood level of 1.5 ug/ml during mainte- 
nance therapy of 1.2 g/day, the patient likewise failed 
to respond. However, when he was receiving 1.8 g/day, 
the blood level was 3.7 ug/ml and a substantial reduction 
in ventricular premature beats was observed. In the 
second nonresponder during acute drug testing, the 
quinidine level had been 2.6 ug/ml. However, with 
maintenance therapy of 1.2 g/day, the blood concen- 
tration was 4.1 ug/ml and ventricular premature beats 
were significantly reduced. When the dose was increased 
to 1.8 g, resulting in a blood level of 6.1 ug/ml, ventric- 
ular ectopic activity was abolished during exercise. 

In two patients exercise-evoked arrhythmia was 
greater during maintenance therapy with 1.2 g/day of 


TABLE IlI 


Comparison of Acute Drug Testing and Quinidine 
Maintenance Therapy With Exposure of Arrhythmia by 
Means of Exercise in Nine Patients 


Maintenance Therapy (Exercise) 


Quinidine 
Acute Drug Non- Blood Level 
Testing Responders responders (ug/ml) 

Responders 4 0 3.8 
Nonresponders 2 3 3.9 
Quinidine blood 4.3 3.9 

level (ug/ml) 
TABLE IV 


Comparison of Acute Drug Testing and Quinidine 
Maintenance Therapy With Exposure of Arrhythmia by 
Means of 24-hour Monitoring in Nine Patients 


Maintenance Therapy (Monitoring) 





Quinidine 
Acute Drug Non- Blood Level* 
Testing Responders responders (ug/ml) 
Responders 3 1 4.7 
Nonresponders 1 4 "dod 
Quinidine blood 4.0 3.9 


level* (ug/ml) 


* The differences in quinidine level are not significant. 
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] 
quinidine than during control testing (Fig. 4). Botl 
patients were nonresponders during acute drug testing 
In one, at a blood quinidine level of 1.5 ug/ml, ventric 
ular premature beats increased by 60 percent, the in 
cidence of couplets doubled and three paroxysms @ 
ventricular tachycardia emerged that had not beer 
present during the control exercise period. X 

Twenty-four hour monitoring: Monitoring wa! 
carried out during maintenance quinidine therapy it 
nine patients, four of whom had responded to acuti 
drug testing. Concordance between the results of acuti 
drug testing and maintenance therapy was observed i1 
seven of the nine (Table IV). Four patients had sup 
pression of arrhythmia while receiving maintenanct 
therapy; one required 1.8 g/day for suppression: The five 
who did not respond had a more advanced grade o 
ventricular premature beats (Table V). This nonres 
ponse was evident in patients with grades 3, 4A and 4E 
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FIGURE 4. Exercise stress testing increases the prevalence of ven 
tricular premature beats (VPBs) during treatment with 1.2 g/day o 
quinidine in a patient who failed to respond to acute drug testing. 
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FABLE V 
llaintenance Quinidine Therapy 


4 à Quinidine 


. Responders 
. Nonresponders 


2 Biihmia and was most striking in those with grade 
IB arrhythmia. Ventricular tachycardia was evident in 
2 of the 24 hours of monitoring in the responder group 
compared with 10 hours among the nonresponders. A 
higher quinidine level was encountered among the five 
nonresponders because four of the five were receiving 
ie higher maintenance dose of 1.8 g/day. Although the 
onresponders as a group had no reduction in frequency 
' ventricular premature beats, they had a substantial 
reduction in advanced grades 4A and 4B. 

3 'The discordant response observed in two patients 
Table V) may be explicable on the basis of the quini- 
line levels obtained during the two tests. Thus in one 
nonresponder, a peak blood level of 2.3 ug/ml was ob- 
tained with acute testing. During maintenance therapy 
.2 g/day) with a blood concentration of 3.9 ug/ml, 
rade 2 arrhythmia was reduced from 19 hours during 
he control period to 3 hours, and all advanced grades 
f arrhythmia were abolished. The opposite findings 
are noted in the second patient with a discordant re- 
yonse. During acute testing, when a peak quinidine 
lood level of 5.7 ug/ml was noted, ventricular prema- 
ure beats were abolished. During maintenance therapy 
ith 1.2 and 1.8 g/day, the respective blood levels were 
xl and 3.1 ug/ml, and no suppression of arrhythmia was 
bserved. 


E Discussion 


_ The selection of an effective antiarrhythmic regimen 
elates to the choice of a suitable drug, determination 
f an appropriate dose schedule and establishment of 
in adequate therapeutic end point. Ideally, testing for 
in antiarrhythmic agent should consist of a double- 
lind crossover design protocol. There should be two or 
more control sessions for establishing reproducibility 
of procedures, followed by administration of placebo 
n one or more sessions with several doses of the drug 
eing tested ending with a placebo phase. During each 
E- sessions, exercise stress testing and 24 hour 
bulatory monitoring should be carried out to ascer- 
tain drug action. Such a study is rarely possible to im- 
plement because of cost and poor patient adherence. 
Furthermore, if several drugs fail, months may be re- 
juired to establish an effective drug program. Yet once 
in effective antiarrhythmic drug is identified, there is 
ao assurance that it can be safely used over prolonged 
periods. Thus the much expanded effort may be an 
»xercise in futility. This type of design may also be 
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Blood Control Period 
Level 
no. pg/ml 0 1A 1B 2 


stribution of Hours of Grades of Ventricular Premature Beats Among Nine Patients Receiving 


During Quinidine Maintenance Therapy 
























hazardous for the patient. If the patient has a poten- 
tially malignant arrhythmia, such prolonged intervals 
without adequate protection cannot be sanctioned. 

It may be argued that in the presence of life-threat- 
ening rhythm disorders a prophylactic antiarrhythmic 
program should be worked out while the patient is 
hospitalized. However, the hospital is a poor environ- 
ment for judging drug efficacy against sporadic ar- 
rhythmias whose recurrence may depend on psychologic 
stresses encountered only at home or at work. The 
hazard to patients may also derive from the antiar- 
rhythmic drug, especially those with quinidine-like 
properties. The greatest danger is the unheralded syn- 
cope due to ventricular fibrillation that occurs 1 to 3 
hours after administration of the last dose.!?-!? In our 
study, 4 of the 18 patients had increased frequency of 
ventricular premature beats and 3 patients had more 
paroxysms of ventricular tachycardia. These rebound 
reactions were noted when the serum level was in a low 
therapeutic range of 1.0 to 2.0 ug/ml. Such levels are 
likely on a maintenance program when the patient de- 
lays or forgets entirely to take a dose. It thus appears 
that present methods for selecting an effective sup- 
pressive drug for major recurring ventricular arrhyth- 
mias are inappropriate and unwieldy. 

Acute drug testing: A new method has been devel- 
oped that obviates some of these limitations.?!^ The 
method of acute drug testing consists of three elements: 
administration of a large single oral dose of the antiar- 
rhythmic agent, careful and continuous monitoring of 
drug effect, and measurement of blood drug levels at 
times when heart rhythm is altered or toxic effects are 
in evidence. We selected 0.6 g of quinidine as the test 
dose to be taken orally. This represents half the usual 
daily maintenance dose of 1.2 g, which generally pro- 
vides a level of 2.5 to 3.5 ug/ml, within the considered 
therapeutic range.!°-!’ It was presumed that such a 
single large oral dose would rapidly result in a thera- 
peutic blood level. Indeed, this was the case; among the 
10 responders the mean quinidine concentration 
achieved at the time of peak drug action was 3.2 ug/ 
ml. 

Potential hazards of method: A significant question 
relates to the potential hazard of administering a single 
large dose of quinidine. No serious untoward reactions 
were encountered in any of our 18 patients. Because 
only,one dose of the drug is given it is unlikely that se- 
rious toxicity other than aggravation of arrhythmia or 
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some idiosyncratic reaction will occur. The attendance 
of a physician and the continuous monitoring of heart 
rhythm provide greater safety than is provided in the 
usual procedure of prescribing a drug to be taken 
without close medical surveillance. The only changes 
noted were those in Q-T interval, which had a mean 
prolongation of 49 msec. Lengthening in QRS duration 
has been reported as a consistent finding after admin- 
istration of quinidine, but the increase is only about 10 
percent and requires special instrumentation for de- 
tection.!® 

Programmed trendscription: Continuous moni- 
toring of heart rhythm during acute drug testing was 
accomplished with trendscription.?!* Current moni- 
toring methods, providing on-line rhythm information 
involving oscilloscopic displays or tape printout, do not 
permit ready recognition of trend in changes of spo- 
radically recurring arrhythmias. When a single lead is 
printed out continuously the surfeit of output, aside 
from cost, soon ensnarls one in reams of paper and de- 
feats human capacity for analysis. Trendscription 
presents on-line hard copy of a compressed record that 
permits prompt recognition of patterns of arrhythmia. 
When this method is coupled with appropriate pro- 
gramming, trends of ectopic activity can be easily ap- 
preciated, thus enabling blood sampling at precise 
stages of antiarrhythmic drug action. The continuous 
availability of rhythm data is indispensable for assuring 
patient safety during acute drug testing. 

Quinidine blood levels and antiarrhythmic effect: 
Acute drug testing has as its central hypothesis that the 
key factor in antiarrhythmic drug action is a critical 
blood concentration distinctive for each patient. During 
acute quinidine administration the mean blood level for 
the 18 patients was 3.25 + 0.53 (standard error). In only 
three patients was the blood level less than 2.0 ug/ml, 
and in two of these with levels of 1.1 and 1.2 ug/ml, re- 
spectively, effective suppression was demonstrated. The 
patient having the lowest blood quinidine level after 
acute administration had 229 ventricular premature 
beats, 34 couplets and 5 paroxysms of ventricular 
tachycardia during the control 30 minute trendscrip- 
tion. After acute administration of quinidine, although 
the peak blood level was only 1.1 ug/ml, the total count 
of ventricular premature beats was reduced to 2 and 
there were no advanced grades of arrhythmia during a 
similar 30 minute period of trendscription. At the other 
extreme, the highest blood level achieved was 6.3 ug/ml, 
and the patient with this level failed to show a positive 
drug effect; 70 ventricular premature beats observed 
during the control period trendscription were increased 
to 109 at the time of the highest drug concentration. 
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Furthermore, there was no difference in drug concen 
tration between those responding and those failing te 
suppress arrhythmia during acute drug testing. Thes 
observations indicate that the aim of therapy wi 
quinidine should not be a particular blood drug leve 
since a therapeutic response is highly individual anc 
depends on factors in addition to the specific concen 
tration reached. i 

Acute drug testing as predictor of success 0: 
maintenance therapy: In seven of nine patients, thi 
response to acute drug testing predicted the result wit 
maintenance therapy when exposure of arrhythmia w. 

achieved by either maximal exercise stress testing or 2 
hour monitoring. The two failures were related t 
disparities in blood level achieved by the two methods 
If during acute testing no response is observed and th 
blood level is well above the expected therapeutic range 
it is unlikely that maintenance therapy will prove ef 
fective. The converse may also be true; that is, if acuti 
drug testing suppresses the ventricular arrhythmia, i i 
is highly likely that maintenance therapy will als 
suppress it provided that equivalent blood levels ar 
achieved. 

Clinical implications: Acute drug testing with 
quinidine thus has significant concordance with mort 
accepted methods for assessing drug efficacy. Sucl 
testing, when carefully interpreted with assessment o! 
the duration and magnitude of arrhythmia suppression 
the occurrence of rebound and the peak drug leve 
reached, permits a sound estimate of the effect o 
maintenance therapy with quinidine. Whether thi: 
approach i is applicable to other antiarrhythmic agents 
remains to be demonstrated. Preliminary studies have 
yielded similar results with procainamide. If the action 
of a drug depends on a slowly developing myocardial 
concentration, this method will probably prove un- 
suitable. At present, this approach commends itself, 
especially for the patient who has been successfully 
resuscitated from ventricular fibrillation and exhibits 
a profusion of ventricular arrhythmia. In such patients 
there is an urgency to define an effective antiarrhythmic 
program and provide a “fail safe" system wherein m 
than one drug is used.!4 

The administration of antiarrhythmic drugs, NE 
cially in larger doses, exposes the cardiac patient to the 
potential hazard of serious arrhythmias. Indeed, 4 of our 
18 patients exhibited aggravation of ectopic activity 
after administration of quinidine. Since acute drug 
testing to date has been tried in relatively few subjects, 
the procedure should be deemed experimental. It must 
be carried out under a tight protocol with close medical 
supervision. 


i 
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The introduction of the ventricular inhibited pulse generator’ with the 
feature of rate hysteresis has been associated with a variety of rhyth n 
disturbances, some causing serious concern. This pulse generator has 
two different pacing rates: (1) the automatic rate, which is the interval 
between two successive paced beats (usually 860 msec or 70/min), and 
(2) the hysteresis interval, which results in a 1,000 msec delay between 
a sensed cardiac contraction and the next pacemaker discharge. The 
hysteresis interval after a sensed signal may result in long pauses that Ny 
may predispose to the development of serious cardiac arrhythmias. Two! 
examples of this type of complication were recently observed. One patient 
had bigeminal rhythm with mechanically ineffective cardiac contractio IS 
and an effective cardiac rate of 35/min; he experienced dyspnea and 
weakness during these prolonged episodes. Another patient had repeated | 
episodes of ventricular fibrillation. The cardiac arrhythmias were not 
controlled by antiarrhythmic agents, and both patients required re- 
placement of the pulse generator. 

The proposed advantages of pulse generator hysteresis are (1) pro- 
longation of battery life, and (2) maintenance of effective atrial transport; 
these advantages may be outweighed by undesirable cardiac arrhythmias 
that may be associated with this mode of pacemaker function. Rate 
hysteresis cardiac pacemakers should be reserved for patients having 
predominantly sinus rhythm without ventricular irritability. In patients with. 
frequent ectopic ventricular activity, atrial fibrillation or high degree. 
atrioventricular block, the rate hysteresis pacemaker offers no advantage. 
over the conventional demand pacemaker. For patients with frequene 
ectopic ventricular activity not easily controlled by antiarrhythmic ag 
consideration should be given to the use of a permanent demand pace- 
maker with external rate control, which may provide greater nexo 
in arrhythmia management. 





3 
Permanent cardiac pacemakers have been available for approximately 
15 years. With improvements in design and reliability of component 
electronic parts, the demand cardiac pacemaker has emerged as the type 
most frequently utilized. One variant of the demand cardiac pacemaker, 
produced by several manufacturers,* has a rate hysteresis mode of op- 
eration. This type of pacemaker has two different pacing rates: (1) the 
automatic rate, and (2) the hysteresis interval, which results in a 1,000 
msec delay between a sensed signal and the next pacemaker discharge. 
As with all cardiac pacemakers, the rate hysteresis pacemaker is asso- 
ciated with arrhythmias peculiar to its mode of operation. Because the 
hysteresis interval may result in long pauses in the cardiac cycle, these 
arrhythmias may be serious.!:* This paper reports two examples of this 
type of complication. 4 


* Medtronic, Inc., Minneapolis, Minn.; General Electric Company, Milwaukee, Wis. — . 
E 
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| G {URE 1. Case 1. Rhythm strips. A, during bigeminal rhythm. Because 
he premature ventricular contractions were mechanically ineffective, 
| Ye naaie cardiac rate was 35 beats/min. There was a 1.72 second 


E tricular activity was generally abolished. When a premature ven- 
ricular contraction did occur, the pause between effective cardiac 
| cles was 1.4 seconds. 


Case Reports 


Es 'esis, implanted because of intermittent third degree heart 

ck and associated bifascicular block. In addition, he had 
'ompensated congestive heart failure and cardiomegaly. 
\ proximately 1 year later, he was noted to have bigeminal 
hythm with an effective peripheral pulse rate of 35/min be- 
ause the mechanically ineffective premature ventricular 
c itractions failed to produce a peripheral pulse (Fig. 1A). 
Ju ring the episodes of bigeminal rhythm, which png for 


E akda of ventricular fibrillation. airida treatment 
vith procainamide, in doses up to 3 g/day, had little success 
1 suppressing the ventricular bigeminy. 

_ For this reason the patient's pulse generator was replaced 
vith a Medtronic model 5963 pacemaker set at an automatic 
ate of 80/min. The frequency of the ectopic ventricular ac- 


ind the shorter pause after a sensed beat (Fig. 1B) and the 
ective peripheral pulse rate was increased even in the 
resence of ectopic contractions. The replacement pulse 
enerator selected for this patient was chosen because the 
nodel allows one to set the optimal pacing rate for the patient 
ad permits noninvasive alteration of this rate as the patient’s 
eeds change. The patient’s symptoms decreased during the 
iext 4 months. His subsequent death was attributed to in- 
ractable congestive heart failure. 
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ivity was thus reduced as a result of the faster automatic rate - 
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Case 2 

A 79 year old man had a Medtronic model 5943 pacemaker, 
with an automatic rate of 70/min and the feature of rate hys- 
teresis, implanted because of second and third degree heart 
block. Eight months after implantation, frequent ectopic 
ventricular activity was noted. An attempt to suppress this 
ventricular arrhythmia with procainamide was associated with 
a lupus-like reaction. Subsequently, quinidine sulfate therapy 
was started for the control of the ventricular premature con- 
tractions. The patient remained asymptomatic for 8 months 
when, 2 weeks before readmission to the hospital, he began 
to experience periods of light-headedness. 

On admission, the patient had several syncopal episodes. 
In the emergency room, he had frequent premature ventric- 
ular contractions and an episode of ventricular fibrillation that 
required electrical defibrillation (Fig. 2). There was no evi- 
dence of pacemaker malfunction. An attempt to control the 
ventricular irritability with increased doses of quinidine was 
apparently successful for several days. Then frequent episodes 
of ventricular fibrillation developed that required repeated 
electrical defibrillation. At that time, the pulse generator 
demonstrated intermittent failure to capture. The patient's 
clinical course was ultimately stabilized with insertion of a 
temporary transvenous pacemaker and continuation of the 
quinidine therapy. A Medtronic model 5950 pacemaker set 
at an automatic rate of 72/min was chosen as a replacement 
unit for this patient because it did not have the feature of rate 
hysteresis. The patient has been receiving maintenance 
treatment with quinidine since that time and has had a stable 
cardiac rhythm with no syncopal episodes. 


Discussion 


Demand pacemakers with a rate hysteresis feature 
have two different pacing intervals: (1) the automatic 
rate, which is the interval between two successive paced 
beats (usually 860 msec or 70 beats/min), and (2) the 
hysteresis interval, which results in a delay of usually 
1,000 msec between a sensed cardiac contraction and 
the next pacemaker discharge. The proper function of 
a rate hysteresis pacemaker is shown in Figure 3. As a 
result of the longer hysteresis interval, there may be 
pauses of up to 2 seconds, which may predispose to the 
development of serious cardiac arrhythmias. 

Advantages of rate hysteresis pacemaker: Pace- 
makers with the rate hysteresis feature have been re- 
ported to have several theoretical advantages. First, in 
patients with intermittent atrioventricular (A-V) block, 
battery life may be prolonged since only the sensing 
circuit, which requires less current, is operative when 
the intrinsic cardiac rate is higher than 60 beats/min. 
Second, atrial transport function is maintained during 
sinus rhythm at rates above 60 beats/min. These po- 
tential advantages are limited, however, to patients with 
sinus rhythm and a heart rate of 60 to 70 beats/min. 
When the intrinsic rate exceeds 70 beats/min, all de- 
mand pacemakers with an automatic rate of 70/min 
utilize only the sensing circuit and allow maintenance 
of effective atrial transport if sinus rhythm is present. 
Thus, Friedberg and Barold? doubt that the rate hys- 
teresis feature results in significant prolongation of 
battery life and question whether the maintenance of 
effective atrial transport makes a physiologically im- 
portant contribution to cardiovascular function in the 


"pr 





vast majority of patients within this narrow range of 


heart rates. 


Disadvantages and complications of rate hys- 
teresis pacemaker: The potential advantages of a 
pacemaker with the rate hysteresis feature must be 
weighed against the disadvantages of this system. As a 


FIGURE 2. Case 2. Continuous 
rhythm strip showing the events 
preceding an episode of ventricular 
fibrillation that resulted in syncope 
and required electrical defibrillation. 
The top panel reveals a normally 
functioning demand rate hysteresis 
pacemaker discharging at an auto- 
matic rate of 70/min. The second 
panel shows the development of a 
bigeminal rhythm with an effective 
cardiac rate of 35/min. The first 
QRS complex in the third panel is a 
junctional escape beat. The next 
complex (arrow) is initiated from a 
sinus focus with a P-R interval of 
0.20 second and a prolonged Q-T 
interval of approximately 0.56 
second. A premature ventricular 
contraction falling in the vulnerable 
period of repolarization of the sec- 
ond QRS complex results in ven- 
tricular fibrillation. Electrical defi- 
brillation (at the end of the third 
panel) restores the paced rhythm 
originally present in the top panel. 
The prolonged pauses (1,000 msec) 
associated with the bigeminal 
rhythm facilitated the development 
of the escape rhythm and the sub- 
sequent episode of ventricular fi- 
brillation. 
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result of the mode of operation of this type of pul: 
generator, a patient having a pacemaker with an auti 
matic pacing rate of 70/min may experience parado 
slowing of the cardiac rate to 60 to 70/min when idi 
rhythm or an ectopic focus is present with a rate of € 
to 70/min (Fig. 3).? Such a clinical finding may be col 
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STANDARD LEAD II 


FIGURE 3. Rhythm strip from a properly functioning demand cardiac pacemaker with an automatic rate of 70/min and the feature of rate hysteres 
The first four complexes represent normal sinus rhythm at a rate of 60 to 70/min, which is sufficient to inhibit the cardiac pacemaker becau: 
there is a 1,000 msec delay between the sensed QRS complex and the next pacemaker discharge (the hysteresis interval). The pacemaker dot 
not discharge until the pause after the last sensed QRS complex exceeds 1,000 msec, as is the case between complexes 4 and 5 (designated 
for hysteresis interval). In this instance, the fifth complex represents a fusion beat. The next paced beats occur at the automatic pacemaker dischar 
rate of 70/min (designated A for automatic rate). The pacemaker rhythm is finally suppressed by the emergence of a sinus rhythm at a rate of a 
proximately 90/min. This rhythm strip illustrates the manner in which a patient with a rate hysteresis pacemaker may have paradoxical slowi 
of the heart rate below the automatic discharge rate of the pacemaker when an independent rhythm occurs with a rate between 60 and 70/mi 
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using and is often misinterpreted as pacemaker failure 

yy those unfamiliar with this mode of pulse generator 
)eration. 

. When the sensing circuit of the pacemaker is recycled 

y a mechanically ineffective extrasystole (Case 1, Fig. 

D) or incorrectly by a physiologic or interfering electrical 
timulus, there can be a prolonged period of asystole of 
) to 2 seconds. Such periods of asystole (1.4 seconds) 

rave been reported after a sensed P wave superimposed 
n a T wave.! As in our Case 1, a mechanically ineffec- 
ive systole results in periods of 1.72 seconds between 
ffective cardiac contractions with a resultant cardiac 
ate of 35/min that represents a significant decrease 
eo the automatic rate of 70/min. The hysteresis mode 

pacemaker operation tended to perpetuate the bi- 
eminal rhythm observed in our Case 1 through the rule 

if bigeminy.* Such an arrhythmia has been termed a 

peetrating bigeminy.? 

F The presence of frequent ventricular ectopic activity 
| our Case 2 (Fig. 2, panel 2) resulted in a slow cardiac 
te and preceded the development of an episode of 
ntricular fibrillation with resultant syncope. The long 

E. in the cardiac cycle predisposed to the devel- 

ment of ventricular irritability as a result of prolon- 
ation of the refractory period and increased nonuni- 
rmity of the refractory period.” These factors en- 
ianced the likelihood of the development of ventricular 

EL which occurred in this patient (Fig. 2, panel 

) when a premature ventricular impulse fell in the 

ulnerable period of a preceding impulse having a pro- 
ynged Q- T interval.® 

_In both patients, the use of antiarrhythmic agents was 
ieffective in controlling the ventricular irritability and 

ioth patients had documented episodes of ventricular 

ibrillation while they were taking quinidine. Although 

e exact relation between the administration of quin- 

line and the subsequent development of ventricular 

ibrillation cannot be fully defined, the combination of 
he administration of quinidine and the prolonged 
auses in the cardiac cycle as a result of the rate hys- 
eresis feature of the cardiac pacemaker may have 

'redisposed to the development of ventricular fibril- 

ation in both of these patients.’ 
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= HYSIEHESIS PACEMAKERS—THOMPSON AND SHAVER 


Indications for choice of pacemaker: Ultimately, 
both patients required replacement of the pulse gen- 
erator for better control of cardiac rhythm. Accordingly, 
we recommend that due consideration be given to the 
mode of pacemaker operation in the initial choice of a 
pulse generator. Demand pacemakers with rate hys- 
teresis should be reserved for patients who have a sat- 
isfactory underlying conducted sinus rhythm (60/min) 
without ventricular irritability and who only occasion- 
ally experience periods of bradycardia requiring cardiac 
pacing. These patients are most likely to benefit from 
the reported advantages of a rate hysteresis pulse gen- 
erator. On the other hand, in patients with frequent 
ectopic ventricular activity, atrial fibrillation or high 
degree A-V block, the rate hysteresis pacemaker offers 
no advantage over the conventional demand pacemaker. 
Furthermore, some patients may experience undesir- 
able cardiac arrhythmias as a result of the longer in- 
terval between the last sensed impulse and the next 
paced beat. The resulting cardiac arrhythmias may be 
of serious concern and outweigh any potential advan- 
tage provided by the rate hysteresis feature. 

Although the hysteresis interval increases the likeli- 
hood of cardiac arrhythmias, arrhythmias similar to 
those associated with the rate hysteresis pacemaker may 
be seen with other types of cardiac pacemaker. Thus, 
in patients who require permanent cardiac pacing and 
who have recognized ectopic ventricular activity that 
is not easily controlled with standard antiarrhythmic 
agents, consideration should be given to implantation 
of a permanent demand pacemaker with an external 
rate adjustment feature. Such a pacemaker permits one 
to choose an appropriate pacing rate for overdrive 
suppression of the ectopic ventricular focus? and pro- 
vides greater flexibility in the management of cardiac 
arrhythmias that may develop after pacemaker im- 
plantation. 
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y 
The effect of intravenous administration of propranolol (3 to 10 mg) wa 
studied in 12 patients with acute anterior transmural myocardial infarctio 
within the first 8 hours from the onset of pain. Criteria for inclusion in th 
study were persistence of ischemic pain, S-T segment elevation of 0. 
or more mv in at least two standard precordial leads, heart rate of 80 c 
more beats/min, mean arterial pressure of 75 or more mm Hg and cardia 
index of 2.5 or more liters/min per m?. Within 30 minutes of administratio 
of propranolol, the sum of S-T segment elevations from leads V4 throug 
Vs (ZST;) and the average S-T segment elevation over the left precordiut 
recorded from multiple unipolar leads (ST) decreased significantly by 4 
and 39 percent, respectively. At the same time, there was a significai 
reduction in heart rate (from 100 + 3 [standard error of the mean] to 7 
+ 4 beats/min), mean arterial pressure (from 112 + 6 to 95 + 5 mm Hg 
and cardiac output (from 6.1 + 0.3 to 4.1 + 0.3 liters/min). Pulmonat 
capillary wedge pressure remained unaltered. Four hours later the he 
modynamic variables had returned to control level, but the beneficial effe: 
on myocardial injury persisted. These electrocardiographic changes wei 
accompanied by resolution of ischemic pain and cessation of ventricul; 
arrhythmias. The effects of propranolol were more pronounced in patien 
with angiographically demonstrable flow to the affected area of myt 
cardium. Thus, administration of propranolol in the early hours of myt 
cardial infarction can significantly reduce the signs of myocardial ischem 
injury without excessively depressing myocardial function. 


Several hours after the onset of the ischemic event the extent of my 
cardial damage in patients with acute myocardial infarction is delineate 
However, in the very first hours the injury to the myocardium is still ¢ 
ongoing process, that is, it is in a reversible phase, and thus it is co 
ceivable that its course can be modified. This period of ongoing ischem 
during acute infarction is manifested by pain, S- T segment elevati 
and ventricular irritability, and its persistence indicates the continuati 
of the process of infarction.! Should the progression of ischemic inju 
be interrupted either spontaneously or therapeutically, these signs ai 
symptoms of ischemia will subside. It is well recognized that treatme 
of myocardial ischemia as manifested by angina pectoris is effective wh 
the balance of myocardial oxygen supply and demand is favorably i 
fluenced either by an increase in oxygen supply, as in the case of corona 
artery bypass surgery, or by a reduction in oxygen requirement, as in t) 
case of propranolol therapy.?-4 Because acute myocardial infarcti 
represents one end of the spectrum of ischemic heart disease, it w 
suggested? that the same concepts of ameliorating the balance betwe 
oxygen requirement and delivery are applicable. Therefore, in this stut 
we examined the effect of beta adrenergic blockade on the signs 
ischemic injury in patients in the early hours after acute transmur 
anterior myocardial infarction. 
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Materials and Methods 


1e coronary care unit of the Massachusetts General Hospital 
ere screened for entry into the study. They were selected only 
they satisfied all of the following criteria: (1) acute anterior 
insmural myocardial infarction less than 8 hours after the 
et of pain; (2) persistent ischemic pain incompletely re- 
'ed by the usual doses of opiates and nitroglycerin; (3) S-T 
'gment elevation of 0.3 or more mv in at least two standard 
recordial leads; (4) absence of atrioventricular or intraven- 
‘icular conduction abnormalities; and (5) absence of pul- 
mary contraindications for propranolol. 

Measurements: After giving informed consent, the pa- 
mts were transferred to the intensive study area for in- 


ABLE | 
atient Population 


E. Hours 
ra 
d 


From 
Onset 
of 
Infarction Arrhythmias 
Age (yr) Site of to Pro- Before 
& Sex Infarction pranolol Propranolol 





fe 38M Anterior 2.5 VPBs >10/min; 
à VFX 3 
TAN 53M Anterior 5.5 VPBs »10/min; 
E: : VFX2 
P3 33M Anterior 5.5 VPBs »8/min 
^4 48M Anterior 2.5 VPBs >8/min; 
p. VFX2 
ts 53M Anterior 3 VPBs »2/min 
6 57M Anterior 2.5 VPBs »8/min 
n7 48M Anterior 4 VPBs >3/min 
. 8 47F Anteroseptal 4 VPBs »3/min 
Keo 38M Anterior 7 VPBs >6/min 
10 42M Anteroseptal 6 VPBs >6/min 
11 53M Anterior 3.5 VPBs >8/min 
12 41M Anterior 2 VPBs >10/min 





/F = ventricular fibrillation before the control period; VPBs = ven- 
içular premature beats. 





HR PCW 
160 32 
140 28 
120 24 
100 20 
80 16 
60 12 
40 8 
20 4 
C P C 





Patients with myocardial infarction who were admitted to | 


strumentation with a pulmonary arterial flow-directed cath- 
eter, radial arterial cannula and continuous polygraphic 
pressure and electrocardiographic monitoring. Cardiac output 
was measured by the thermal dilution method. Standard 12 
lead electrocardiograms and multiple unipolar precordial 
leads were recorded serially. The magnitude of ischemic injury 
was estimated by the level of subjective pain rated by the 
patient on a scale of 0 to 10 and by the average S- T segment 
elevation of the precordial map (ST) and the sum of S-T 
segment elevation of the six standard precordial leads 
(ZST$). 

The sequence of measurements during the initial hour in 
the intensive study area was: first, 12 lead electrocardiogram 
and precordial 18 lead map, and second, instrumentation for 
hemodynamic measurements of direct arterial pressure, 
pulmonary capillary wedge pressure and cardiac output. All 
patients who did not meet the following hemodynamic criteria 
were excluded at this point: heart rate of 80 or more beats/min, 
mean arterial pressure of 75 or more mm Hg, wedge pressure 
less than or equal to 25 mm Hg and cardiac index of 2.5 or 
more liters/min per m?. These limits were set to allow the 
administration of at least moderate doses of propranolol 
considering its known negative inotropic and chronotropic 
effects. The third measurement before initiation of therapy 
was a repeat electrocardiographic map and 12 lead electro- 
cardiogram at the end of this 60 minute evaluation. A final 
group of patients was excluded if either SST, or ST had de- 
creased more than 10 percent in 1 hour. 

Protocol: Of 187 patients who entered the coronary care 
unit, 59 had anterior wall myocardial infarction, and 12 met 
all the criteria for entry into the study (Table I). The following 
protocol was carried out: Propranolol was infused intrave- 
nously at a rate of 1 mg every 2 minutes with continuous 
monitoring of direct arterial pressure, pulmonary capillary 
wedge pressure, heart rate and the standard precordial lead 
exhibiting maximal S-T segment elevation. Cardiac output 
was remeasured after infusion of each 2 mg of the drug. The 
target dose for beta adrenergic blockade in each patient was 
0.15 mg/kg body weight, but the actual dose was determined 
by the hemodynamic response and drug administration was 
discontinued if the heart rate decreased to less than 60 


CO 

8 

7 

6 

5 

y FIGURE 1. Hemodynamic effects 
of propranolol in patients with acute 

3 myocardial infarction before (C) and 
30 minutes after intravenous ad- 
ministration (P). CO = cardiac out- 

2 put (liters/min); HR = heart rate 


(beats/min); MAP = mean arterial 

| pressure (mm Hg); PCW = mean 

| pulmonary wedge pressure (mm 

Hg). All changes except those in 

"kl mean pulmonary wedge pressure 
are significant. 


90 ^ November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


"ARS TORR x D pee S" Sad eae Aaa a Pr dinig i aith PRI S NER NEA qi 


~~ A 


F EI N Wy "Jets ee VC i E oO Lee a" Wy a ae A 
HP [ JA ETTEREN mM 


beats/min or the cardiac index decreased to less than 2.0 li- 
ters/min per m2. The average dose was 6.5 mg (range 3 to 10 
mg). 

The effect of the intravenous infusion of propranolol was 
observed by comparing the hemodynamic variables, precordial 
S-T elevation and subjective level of pain during the 1 hour 
control period with immediate changes in pain and in the 
continuously monitored precordial lead and with repeat 
measurements at 30 minutes and 4 hours. During the entire 
5 hour period of study, the medical program was otherwise 
held constant with continuous administration of oxygen by 
nasal cannula and intravenous infusion of lidocaine at a rate 
of 2 mg/min. No patient received digitalis, insulin or potas- 
sium during or before the study. Three patients had received 
intravenous infusions of procainamide after ventricular fi- 
brillation before entry into the study (Table I). No other ar- 
rhythmia, except for ventricular premature beats, was seen 
during the control hour. 

S-T segment mapping was performed with an 18 lead 
precordial map consisting of three rows of six leads: V; to Ve 
at the standard positions and leads taken one interspace above 
and below. All sites were marked to permit proper reposi- 
tioning of the movable suction electrode. Tracings were cali- 
brated at 1 mv = 10 mm with a paper speed of 25 mm/sec. S-T 
segment elevation was measured to the nearest 0.5 mm from 
the T-P segment to the J point. Maps were analyzed in ran- 
dom order without accompanying clinical data. 

Before discharge, 10 of 12 patients underwent selective 
coronary angiography with the Sones technique. At the time 
of cardiac catheterization all were in clinically and hemody- 
namically stable condition. 

Statistical analyses were performed with Student's t test 
for paired data. 


Results 


Hemodynamic changes: The hemodynamic changes 
in the 12 patients before and 30 minutes after intrave- 
nous infusion of propranolol are summarized in Table 
II and Figure 1. Mean arterial pressure decreased from 
112 + 6 (standard error of the mean) to 95 + 5 mm Hg 
(P «0.001). Heart rate for the group decreased from 100 
+ 3 to 79 + 4 beats/min (P <0.001); in no patient was it 
less than 60 beats/min. Pulmonary capillary wedge 


TABLE II 


Hemodynamic Response to Intravenous Administration of Propranolol 
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5 

pressure decreased in six patients and increased in the 
other six. For the entire group the wedge pressure wat 
not significantly changed (17 + 2 to 16 + 1 mm Hg), anc 
no patient had pulmonary congestion. Cardiac outpu 
decreased in all patients (average decrease from.6.1 4 


0.3 to 4.1 +4 0.3 liters/min, P «0.001). In three patient: 
cardiac output decreased to 2.7, 2.9 and 3.2 liters/min 


PROPRANOLOL 3 
1.0 | 
| 
| 
0.8 | 

` 0.6 

& 

"es 1 
be e—— Ti 
04 ? * | 


: Ss | 


-60' O 30 min 4 hrs 


L—coNTROL—'——p PROPRANOLOL ~~ 
FIGURE 2. The effect of propranolol on average S-T segment elevatio 
(ST) for each patient. ST remained unchanged during the 60 minut 
control period, but was significantly reduced 30 minutes after admir 
istration of propranolol. This reduction persisted 4 hours later. The ope 
squares represent mean values. 


Data 30 Minutes After Propranolol Tota 


Control Data 
Case Dost 
no. HR MAP PCW CO CI HR MAP PCW CO CI (mg. 
1 93 110 23 7.2 3.4 62 90 18 5.2 2.5 5 
2 90 110 21 4.8 3.2 70 100 15 2.7 1.8 3 
3 107 114 12 4.1 2.6 88 77 16 2.9 1.8 4 
4 115 130 16 8.1 4.1 88 104 14 4.2 2.1 105 
5 85 135 6 6.2 X1 65 113 10 4.6 2.3 5542 
6 95 90 18 5.3 2.9 68 75 12 3.6 2.0 4 
7 103 120 25 7.5 3.6 83 90 18 5.3 2.5 10 
8 100 75 18 5.7 2.9 75 75 12 4.2 2.2 10 
9 100 125 20 5.5 2.8 85 107 21 3.8 2.0 5 
10 95 98 4 6.6 3.4 85 98 13 5.4 2.6 10 
11 100 150 21 7.0 3.4 75 135 23 4.1 2.0 6 >) 
12 110 83 23 5.0 2.7 105 78 24 3.2 1.7 6 
Mean 100 112 17 6.1 3.2 79 95 16 4.1 2.1 6.5. 
* SE t3 t6 t2 t 0.3 * 0.1 t4 t5 t1 t 0.3 + 0.9 +0 


Cl = cardiac index (liters/min per m2); CO = cardiac output (liters/min); HR = heart rate (beats/min); MAP = mean arterial pressure (m 


Hg); PCW = pulmonary wedge pressure (mm Hg); SE = standard error. 
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(his decrease was transient and not associated with 
liguria, acidosis, signs of cerebral hypoperfusion or an 
ixcessive reduction in arterial pressure. The decrease 
n cardiac output in each patient was directly related to 
se. The maximal hemodynamic effects of propranolol 
ere always noted within 30 minutes of the end of the 
ifusion and dissipated within 4 hours. 
| Electrocardiographic changes: The average S-T 
egment elevation in the precordial maps (ST) and the 
of S-T segment elevation in the six standard pre- 
yrdial leads ([ST,) did not decrease more than 5 per- 
ent in any patient during the control hour. ST for the 
roup rose from 0.42 + 0.08 to 0.43 + 0.08 mv (Fig. 2) 
nd average ST, rose from 26.0 + 4.5 to 27.1 + 4.3 mm 
"able IH). Thirty minutes after administration of 
| ropranolol there was a marked reduction in S-T seg- 

























TO 


atient. For the group ST decreased 39 percent, from 
.43 + 0.08 to 0.22 + 0.04 mv (P <0.02) (Fig. 2), and 
ST; decreased 40 percent, from 27.1 + 4.3 to 15.3 + 3.3 


am (P <0.02) (Table III). Thus, ST paralleled 2STs, 


sed. The reduction in S-T segment elevation persisted 
or 4 hours after administration of propranolol although 
e hemodynamic effect dissipated. The maximal rate 
f reduction always was seen during the first 30 minutes 
fter infusion of propranolol. Further, more gradual 
esolutions of S-T elevation continued despite de- 
reasing beta blockade. These changes in S-T segment 
evation were compared with those that occurred in 
sven other patients who met the same admission cri- 
sria but did not receive propranolol. In the untreated 
roup, after the 1 hour control period that assured S-T 
egment stability, ST and XST& were measured 30 
iutes and 4 hours later and showed no significant 
anges (ST increased by 0.03 + 0.05 mv and EST, 
creased by 0.01 + 0.05 mv, respectively). Thus, the 
duction in S- T segment elevations in the treated pa- 






60 Minutes After Propranolol 
,ase Before m 
1 Control Control 30 Minutes 4 Hours 






48.0 47.5 19.5 10.5 

24.0 26.0 15.0 11.0 

48.5 51.5 46.0 8.0 

11.0 11.0 6.0 6.0 

15.0 19.5 10.5 3.5 

21.5 25.0 13.0 9.0 

18.0 21.0 15.0 10.0 

15.5 16.5 11.0 8.0 

11.0 10.5 5.5 3.5 

1 19.0 19.0 18.0 7.0 

25.0 24.5 22.5 11.0 

n 26.0 27.1 15.3 7.5 
*SE t 4.5 t 4.3 t 3.3 + 0.9 
value* NS «0.02 « 0.02 





*[n reference to control data. 
NS = not significant; P = probability; SE = standard error. 
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tients after administration of propranolol was not ob- 
served in a comparable group of patients who did not 
receive the drug. 

The magnitude of S-T segment response to pro- 
pranolol varied within a wide range (Fig. 2, Table III). 
Both good and poor responses were seen and could be 
related to the coronary angiographic findings, which also 
could be separated into two groups. All four patients 
with occlusion of the left anterior descending coronary 
artery without collateral flow had a reduction in XSTg 
of less than 40 percent in 30 minutes (Fig. 4). All six 
patients with angiographically demonstrable flow to the 
infarcted area, either through significant stenosis of the 
left anterior descending artery or by way of collateral 


vessels, had a more than 40 percent reduction of 
STe. 





7:44 PM 7:33 PM 
CONTROL AFTER PROPRANOLOL 
FIGURE 3. The effect of propranolol on the reduction in S-T segment 
elevation in an average patient. The nine leads depicted are from the 
V1, V3 and Vs positions and the corresponding sites one intercostal 
space above and below the standard positions. 


% FALL 
ZST 





PRESENT ABSENT 

FIGURE 4. Relation between the degree of reduction in S-T segment 
level and the presence or absence of angiographically demonstrable 
flow in the infarcted zone. All patients with more than 40 percent re- 
duction in the sum of S-T segment elevation from leads V , through Vg 
(ZSTg) in 30 minutes had flow to the area of infarction (closed circles). 
In contrast, in the four patients with no demonstrable flow angio- 
graphically (open circles), ZST& decreased by less than 40 percent after 
administration of propranolol. 


4 
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Clinical observations: Before administration of 
propranolol all patients had persistent pain (average 
grade 5/10) despite administration of oxygen and 
morphine (average dose 6.5 mg intravenously). In 9 of 
12 patients, pain was relieved completely or reduced to 
grade 1/10 within 30 minutes of infusion of propranolol. 
In three patients (Cases 4, 11 and 12), pain persisted 
with a minimal reduction in intensity. These patients 
were the three with the poorest S- T segment response 
and an occluded left anterior descending artery without 
collateral vessels (Fig. 4). Ventricular ectopic beats 
decreased and ventricular fibrillation did not occur in 
any patient after beta adrenergic blockade. No patient 
manifested an atrioventricular conduction defect. Serial 
determinations of serum glutamic oxaloacetic trans- 
aminase (SGOT), creatine phosphokinase (CPK) and 
lactic dehydrogenase (LDH) activity confirmed an acute 
myocardial infarction in all cases. Peak SGOT averaged 
385 units (range 160 to 550), CPK, 1,034 units (range 
525 to 2,220) and LDH 658 units (range 280 to 940). All 
patients survived and left the hospital. 


Discussion 


It has been postulated that during the first several 
hours after the onset of acute myocardial infarction in 
man, the necrotic process is a dynamic one affecting to 
various degrees the myocardial cells within the ischemic 
zone, resulting in a nonhomogeneous infarction.’ Thus, 
during this early period, populations of normal, injured 
and necrotic myocardial cells coexist in the same re- 
gions.? The cells that are still in the phase of reversible 
injury and can either progress to necrosis or retain via- 
bility constitute the majority of the affected cells in the 
very beginning of the ischemic event and decrease in 
number with the passage of time and persistence of 
ischemia. If, during this time interval, a therapeutic 
measure could reverse the ischemic process of injury, 
the resulting extent of necrosis, that is, myocardial in- 
farction, would be smaller. This conceivably would be 
of benefit since large infarctions have been associated 
with cardiogenic shock.? 

Propranolol in experimental coronary occlusion: 
When a severe imbalance between myocardial oxygen 
requirement and delivery occurs, as is the case of a 
marked reduction in regional coronary flow, the process 
of myocardial damage is initiated.!9.!! To counteract it, 
oxygen imbalance must be improved either by amelio- 
rating the inadequate coronary flow or by decreasing 
oxygen demand. This concept is now universally ac- 
cepted in the treatment of angina pectoris in which 
therapy with beta adrenergic blockade has a prominent 
role.?-^ However, its applicability in man with acute 
myocardial infarction is not well established. Experi- 
mentally in dogs, beta adrenergic blockade with pro- 
pranolol reduced the extent of myocardial ischemic 
injury not only when administered as pretreatment but 
also when given as late as 3 hours after coronary occlu- 
sion.?9.1? Propranolol substantially reduced the coro- 
nary occlusion-induced S- T segment elevations in both 
the epicardium and the precordium. 1? The reduction 
of S-T segment elevation in each epicardial site pre- 
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1 
dicted the prevention of myocardial CPK activity de- 
pression that occurs 24 hours after occlusion, thereby 
demonstrating that the electrical phenomenon of re- 
duction in S- T segment elevation correlated well with 
the protection of the ischemic regions as judged by en. 
zymatic criteria of myocardial damage.” Moreover 
Sommers and Jennings,? using histologic measure 
ment, showed that propranolol minimized infarct size 
If reduction in S-T segment elevation were the onl} 
alteration after administration of propranolol, this de 
crease in the current of injury might be considered į 
nonspecific effect of propranolol, possibly due to it; 
membrane effect. However, since propranolol unequi 
vocally decreased the extent of myocardial damage e 
expressed by histologic appearance and myocardia 
CPK activity, it is more probable that the reduction « o 
S-T segment elevation is indicative of a decrease in 
ischemic injury. 

Assessment of ischemic injury in man: In man, th 
evaluation of ischemic injury must be restricted to les 
direct techniques that are imperfect by nature. Myo 
cardial ischemic injury in the clinical setting can 
assessed by: (1) level of pain; (2) ventricular irritability 
(3) alteration in lactate metabolism; (4) radionuclid: 
scintigraphy by gamma or positron imaging of th 
myocardium; (5) release of enzymes from the injure 
myocardium (CPK disappearance curves); and (6 
precordial S-T segment mapping. The evaluation 0 
changes in lactate metabolism are closely dependent ol 
sampling techniques and may be subject to errors in 
predominantly regional disease. The radionuclid 
techniques are of great potential applicability, but thei 
use in monitoring changes in the extent of an ischemi 
zone awaits further developments. 

Predicting “infarct size" with CPK disappearane 
curves requires a 10 hour delay in treatment and i 
therefore not applicable when therapy is indicated ij 
the early hours of infarction. Pain is admittedly sub 
jective, variable and not always ischemic in origir 
However, pressing precordial pain in the first 8 hour 
of infarction is probably ischemic in origin, and change 
in intensity of pain over 30 minutes during an intrave 
nous infusion of a nonanalgesic agent can be followec 
Ventricular irritability i is related to ischemic injury 
although not in a quantitative way. 

Although the use of precordial S-T segment eleva 
tions in patients does not permit quantitative evaluatio 
of the size of an infarction, it is a useful technique fo 
assessing directional changes in myocardial ischemi 
injury.!? This view is based on the observations tha 
precordial electrocardiograms provide semidirec 
measurements of epicardial events! ^!^ and that intet 
ventions that change the extent and magnitude of S-' 
segment elevations induce parallel alterations in S~ 
segment elevation in the canine precordium and epi 
cardium.!© Experimentally, epicardial S-T segmen 
elevation correlates well with reduction in myocardié 
partial pressure of oxygen,! ^? reduction in coronar 
flow and production of lactate,!? local changes in th 
high energy phosphate and lactate?? and with myocai 
dial CPK activity5; most importantly it predicts acct 
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ately the areas of necrosis as defined by light and 
electron microscopy.?! 

_ To establish the effects of propranolol using the 
irecordial electrocardiographic method, it was neces- 
ary to include in the study only a small fraction of pa- 
ients who entered the coronary care unit. Thus, only 
yatients with unquestionable acute transmural myo- 
ardial infarction of the anterior wall were included 
ince not all other patients are suitable for precordial . 

apping. All patients were required to have both clin- 
ci (opiate-resistant ischemic pain and arrhythmias) 
nd electrocardiographic signs of persistent ischemic 
njury as reflected by stable S-T segment elevation, and 
ul patients whose S- T segment level decreased spon- 

eously during the period of observation were ex- 
uded from the study. The exclusion of all patients with 
nfarction older than 8 hours was carried out to maxi- 

ize the possible effects of treatment since the number 
f myocardial cells in the reversible phase of injury is 
reatest i in the early hours of infarction; later treatment 
an be aimed mainly at preventing extension of in- 
LE Patients were also excluded if they showed 
nges in the duration of the QRS complex with S-T 
egment changes of nonischemic origin. 
. Effect of propranolol on S-T segment elevations: 
ifter the intravenous administration of propranolol, the 
ecrease in S-T segment elevation was accompanied by 
ther signs of reduction of ischemia, namely, pain and 
entricular arrhythmias. The change in S-T segment 
levation in the multiple leads and in the six precordial 
sads was directionally similar, indicating that when a 
ange of this magnitude occurs even a single lead may 
adequate to register the alteration, although multiple 
sad systems may be more sensitive to small decrements. 
‘hese observations are in accord with the findings of 
ueller et al.?? who showed the beneficial effect of 
ropranolol on the metabolic variables of the ischemic 
art in patients with acute myocardial infarction. 
- The response of S- T segment elevation to propranolol 
ppeared to be related to the presence or absence of 
ngiographically demonstrable flow to the infarcted 
one. The patients with flow to the infarcted territory 
ad a more complete resolution of myocardial injury. 
‘his response may be related to the ability of pro- 
ranolol to enter the zone of infarction and affect the 
till viable cells within the ischemic area. In contrast, 
f the patients without flow to the artery distal to the 
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occlusion, the beneficial effects of propranolol on re- 
duction of S-T segments were less marked since the 
drug probably could not penetrate the ischemic zone 
and its action was therefore confined to the ischemic 
periinfarction area. In addition, more complete reso- 
lution of the current of injury might have been possible 
in some patients if larger doses of propranolol had been 
tolerated. However, the administration of additional 
propranolol was limited by the reduction in cardiac 
output. 

Hemodynamic monitoring of action of propran- 
olol: Since propranolol may have a deleterious effect on 
myocardial function in patients with acute myocardial 
infarction, its hemodynamic effects were continuously 
monitored. The two most important hemodynamic re- 
sponses to propranolol in these patients were decrease 
in cardiac output and reduction in heart rate. The de- 
gree of myocardial depression resulting from beta ad- 
renergic blockade was well tolerated in all patients as 
evidenced by adequate organ and peripheral perfusion 
throughout the period of drug effect. Furthermore, 
pulmonary capillary wedge pressure did not increase 
systematically, and no patient had pulmonary conges- 
tion. 

The use of propranolol in acute myocardial infarction 
has been thought to be contraindicated because there 
have been reports???^ of adverse reactions after its in- 
travenous administration in acutely ill patients in in- 
tensive care units. However, our data indicate that this 
agent can be safely administered in the early hours of 
myocardial infarction when patients are categorized 
hemodynamically before drug administration and those 
with marginal circulatory dynamics are excluded. 
Furthermore, repeated hemodynamic measurements 
permit titration of the dose to the maximal tolerated 
levels, thus avoiding unwarranted side effects. 

In summary, judicious intravenous administration 
of propranolol to patients in the early phase of acute 
myocardial infarction reduced the signs of ischemic 
injury. This therapeutic approach, which aims directly 
at the interruption of ischemic injury, may play an im- 
portant role in the management of these patients. 
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The records of 185 consecutive patients having myocardial revascular- 
ization were reviewed with regard to preoperative administration of 
propranolol and intraoperative or postoperative complications. Tachy- 
cardia and hypertension before cardiopulmonary bypass were slightly 
more common in patients never taking propranolol or those who had 
discontinued it for more than 48 hours before operation. There was no 
statistically significant difference in the incidence of postbypass hypo- 
tension among patients who took propranolol within 24 hours of operation, 
those who discontinued it more than 24 hours before operation, and those 
who never took the drug. Operative mortality was not significantly different 
among patients who received propranolol within 48 hours of operation 
(3 percent), those who never took it and those who discontinued it more 
than 48 hours before operation (4 percent). Early in the series, five pa- 
tients had an acute myocardial infarction within 48 hours after routine 
preoperative withdrawal of propranolol. Because complete withdrawal 
of propranolol in patients with unstable angina pectoris may lead to acute 
myocardial infarction, we recommend gradual withdrawal of the drug 
during 48 hours before operation. If this is not possible because anginal 
pain recurs or intensifies, then reduced doses may be given safely up to 
10 hours before revascularization, provided that the patient is a satis- 
factory candidate for bypass and that adequate myocardial revascular- 
ization can be accomplished. 


The beta adrenergic receptor blocking agent propranolol has greatly 
enhanced the medical management of patients with angina pectoris. It 
is probable that its mechanism of action is the reduction of tissue oxygen 
requirements to levels that can be supplied by the existing arterial cir- 
culation. This reduction in myocardial oxygen consumption is achieved 
primarily by depression of myocardial contractility and reduction in 
heart rate.! ^ Because the drug is known to have a depressive action, 
some authors‘ have stressed that it should be discontinued at least 2 
weeks before anticipated myocardial revascularization to avoid increased 
morbidity and mortality in the early postoperative period. However, in 
many patients, particularly those with very unstable angina, withdrawal 
of propranolol for even short periods may exacerbate symptoms and lead 
to acute myocardial infarction before revascularization.?-? To determine 
if there were recognizable adverse effects of the drug either before or after 
cardiopulmonary bypass, 185 consecutive patients undergoing myo- 
cardial revascularization were analyzed with regard to preoperative 
administration of propranolol and intraoperative or postoperative 
complications. 


Methods 


One hundred eighty-five consecutive patients undergoing myocardial revas- 
cularization between July 1973 and July 1975 were classified into four groups 
according to the interval between discontinuation of propranolol and induction 
of anesthesia. Patients in Groups I to III had discontinued propranolol less than 
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24 hours, 24 to 48 hours and more than 48 hours, respectively, 
before induction of anesthesia. Patients in Group IV had never 
taken propranolol. 

The four groups were analyzed for age, dose of propranolol, 
pattern of anginal pain, presence of preoperative myocardial 
infarction, preoperative left ventricular function, number of 
coronary arterial bypass grafts and development of periop- 
erative infarction as demonstrated by electrocardiographic 
evidence of new Q waves of 0.04 second's duration.’ Unstable 
angina pectoris was defined as the recent onset of pain or a 
change in the pattern of pain or to include one of the following 
subsets: progression of previously stable angina on effort oc- 
curring with minimal provocation; pain at rest associated with 
disabling effort angina; or prolonged episodes of pain without 
infarction. Electrocardiographic changes occurring in the 
hospital were not required for assignment to the category of 
unstable angina.? 

Complications were evaluated before and after cardiopul- 
monary bypass. Complications before cardiopulmonary by- 
pass included episodes of bradycardia, tachycardia, hypo- 
tension or hypertension occurring before or after induction 
of anesthesia. Hypotension was defined as systolic blood 
pressure 20 percent below the lowest recorded preoperative 
pressure, and hypertension as systolic pressure 20 percent 
above the highest recorded preoperative pressure. Brady- 
cardia was defined as a heart rate of less than 50 beats/min, 
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FIGURE 1. Percent of patients in Groups |, II and IIl receiving various 
daily doses of propranolol. Group | had the most patients taking more 
than 160 mg/day. Chi square analysis revealed no significant difference 
among groups. 
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Characteristics of 185 Patients Undergoing Coronary Arterial Bypass Grafting 
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3 
and tachycardia as a rate of more than 120 beats/min. If hy- 
potension occurred after cardiopulmonary bypass, patients 
were classified into those needing inotropic support witl 
sympathomimetic agents and those requiring counterpulsa- 
tion with the intraaortic balloon pump. Patient mortality was 
defined as all postoperative deaths occurring in the hospital. 
Complications possibly due to preoperative discontinuation 
of propranolol were also evaluated. Statistical significance was 
determined with chi square analysis. 3 

The anesthetic technique used for all patients consisted o 
induction with morphine and diazepam and maintenance witt 
50 percent nitrous oxide, oxygen, morphine, pancuronium anc 
0.5 to 2 percent enflurane as required. In some cases thiopenta 
supplemented the induction agents. The average doses were 
morphine sulfate, 0.3 to 0.5 mg/kg; diazepam, 0.2 to 0.3 mg/kg 
pancuronium, 0.1 mg/kg; and thiopental, 50 to 100 mg. 


Results 3 

Clinical characteristics of patients preopera 
tively: Of the 185 patients in the series, 113 (61 percent 
received propranolol within the 48 hours before oper 
ation (Groups I and II) (Table I); 159 (86 percent) wen 
taking propranolol at some time before myocardial re 
vascularization. More patients in Group I (propranole 
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FIGURE 2. Percent of patients with preoperative myocardial infarctic 
as evidenced by presence of Q waves in the electrocardiogram. Th 
finding was more prevalent in patients in Group |, but chi square analys 
revealed no significant difference among groups. j 
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Total Bypass Grafts Grafts 

Daily Dose (mg) Hours Mean - (no. of patients) Per 

Patients Since Age n. E 3 Patien 

Group* (no.) Mean Range Last Dose (yr) 1 2 3 4 (no.) 
"n 7 DUM p p € f nn aM ad aT rset eae a ARISE See a LTRS MA IUS ue 
| 51 129 20—320 «24 51 12 21 16 2 2.16 
H 62 135 40—480 25—48 52 10 28 20 5 2.35 
IH 46 117 40—320 >48 50 8 26 10 1 2.04 
IV 26 i Never 48 11 11 2 2 1.81 

taken 

185 127 20—480 51 41 86 48 10 2.09. 


All groups 


*Groups | to IV are defined according to interval between last dose of propranolol and induction of anesthesia. 
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vithin 24 hours of operation) were taking the larger 
loses of the drug, although there was no statistical 

ifference among the four groups (Fig. 1). The mean age 
in the series was 51 years (range 38 to 69 years). There 
was no significant age difference among groups although 
patients in Group IV (never given propranolol) tended 
to be slightly younger. One hundred fifty-nine patients 


* 


(86 percent) were men; 26 were women. 
- One hundred fifty-five patients (84 percent) had 
unstable angina as defined, and 94 of the 155 (61 per- 
cent) were classified in Group I or II. Previous myo- 
cardial infarction as defined by the presence of Q waves 
f 0.04 second’s duration was slightly (20 of 51 patients, 
) percent) more prevalent in Group I than in the other 
roups, but the differences among groups were not 
statistically significant (Fig. 2). 
. In general, there was little correlation among the 
various indexes of preoperative left ventricular function 








among the groups although patients in Group II had 
more impairment (elevated left ventricular end-dia- 
stolic pressure, depressed ejection fraction) than the 
ther groups (Fig. 3). There was no significant difference 
n preoperative left ventricular function between pa- 
dents who received propranolol within 24 hours of op- 
p and those who never took the drug. 

. Number of bypass grafts: Although the severity of 
'oronary artery disease was not necessarily related to 
he number of bypass grafts performed, aortic cross- 
lamp and durations of myocardial ischemia were cor- 
'espondingly longer in patients receiving more grafts. 
l'riple coronary arterial bypass grafting was performed 
nost frequently in Groups I and II (36 of 113 patients) 
ind least often in Groups III and IV (12 of 72 patients) 
Table I). The number of coronary bypass grafts per 
atient was greater for patients who had received pro- 
»ranolol within 48 hours of operation (Groups I and II) 
han for patients who had no propranolol for more than 
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GURE 3. Percent of patients with various indexes of left ventricular 
nction preoperatively. Dysfunction was most prevalent in patients 
Group Il as demonstrated by chi square analysis. Fx — fraction; LVEDP 
left ventricular end-diastolic pressure. 


D 
t 


PRANOLOE AND MYOCARDIAL REVASCULARIZATION—JONES ET AL. 


a ee NH CEPEOENRRQ SEUEUENTERTTEPUET ee ee ee SR 
" ) - E. > * > " -í -IEN NTA 


48 hours before operation (Group III) or patients who 
never took the drug (Group IV). 

Preoperative complications: The total incidence 
of complications before cardiopulmonary bypass was 
not greatly different among the four groups although 
hypotension was significantly more frequent among 
patients in Group II (Fig. 4). Hypertension and tachy- 
cardia tended to occur slightly more frequently in pa- 
tients who never took propranolol. 

Postoperative complications: The incidence of 
complications after cardiopulmonary bypass was sta- 
tistically no greater in patients who received propranolol 
within 48 hours of operation than in those who either 
had never taken the drug or had discontinued it for 
more than 48 hours before operation (Fig. 5). 

Hypotension and decreased cardiac output suffi- 
cient to justify the intraaortic balloon pump were 
present in two patients, both classified in Group I. Both 
patients had satisfactory preoperative left ventricular 
function, and postoperative cardiac catheterization 
revealed little change in ejection fraction from preop- 
erative values. Of the four grafts in these two patients, 
three were patent at restudy. There seemed to be no 
adequate explanation for these patients' depressed left 
ventricular function after cardiopulmonary bypass but, 
since both received propranolol within 24 hours of re- 
vascularization, it is possible there may have been some 
transient myocardial depression due to the drug. 

Bradycardia after cardiopulmonary bypass was not 
a significant problem in any group because it occurred 
in only 4 of the 185 patients. The reduced heart rate was 
easily managed in all four patients. 

Mortality: There was no difference in operative 
mortality between patients who received propranolol 
within 24 hours of operation and those who never had 
the drug (Fig. 5). Of the six patients in the series who 
died (3.2 percent), three were in Group II and three in 
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FIGURE 4. Percent of patients with complications before cardiopul- 
monary bypass. Hypotension was more prevalent in patients in Group 
ll. Hypertension and tachycardia were slightly more common in patients 
who discontinued propranolol more than 48 hours before bypass (Group 
IIl) and in those who never took propranolol (Group IV). 
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Group III (Table II). The presence of a pattern of un- 
stable angina did not increase operative mortality. Al- 
though unstable angina was present preoperatively in 
four of the six patients who died, this finding was an- 
ticipated because 84 percent (155 of 185) of the entire 
series had a pattern of unstable angina. 

Myocardial infarction: Serial preoperative and 
postoperative electrocardiograms were available for 
comparison in 164 patients. New Q waves were present 
in 11 patients, indicating a perioperative infarction rate 
of 6.7 percent. There was no correlation between the 
development of new Q waves and previous myocardial 
infarction, number of coronary arterial bypass grafts 
performed, preoperative bradycardia or tachyar- 
rhythmias or inotropic support in the postoperative 
period. There was no statistically significant difference 
in the incidence of perioperative infarction between 
patients who took propranolol within 24 hours of re- 
vascularization (2 of 47) and those who discontinued the 
drug more than 48 hours before operation (2 of 39). 

Five patients had an acute myocardial infarction 
within 48 hours of withdrawal of propranolol therapy 
in anticipation of scheduled coronary bypass surgery. 
Two of these five patients died; the other three recov- 
ered with medical therapy. 


Discussion 


Duration of effects of propranolol after discon- 
tinuation: Because of known myocardial depressant 
activity of propranolol, some investigators* have incri- 
minated it as a contributor to the low cardiac output 
state occasionally seen after coronary bypass surgery 
and have recommended that it be discontinued 2 weeks 
before operation. Others!?:!! have failed to substantiate 
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FIGURE 5. Percent of patients with complications after cardiopulmonary 
bypass. Incidence of hypotension requiring inotropic drugs (inotropes) 
was not significantly greater in patients receiving propranolol less than 
24 hours before operation. There was no statistically significant dif- 
ference by chi square analysis. Mortality rates were no different be- 
tween Groups | and IV. Of the six deaths that occurred, three (50 per- 
cent) were in Group Il and three (50 percent) in Group Ill. IABP = in- 
traaortic balloon pumping. 
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the adverse effects of propranolol. Clinical and experi- 
mental studies!?!? demonstrated that in man pro- 
pranolol had a half life of 3.4 to 6 hours after discon- 
tinuation of its long-term administration. Furthermore, 
the drug could not be detected in samples of plasma and 
tissue (left atrium) 36 to 48 hours after its withdrawal, 
Plasma and heart concentrations decreased at the same 
rate, thus negating the concept of a long-lasting pool of 
drug in the myocardium. Therefore, on purely phar- 
macologic grounds, the authors of these studies!?. 
recommended a withdrawal time of 36 to 48 hours as 
sufficient for complete recovery from the cardiac effect: 
of propranolol or any active metabolites. Our previous 
studies!4 showed the absence of measurable hemody: 
namic effects of propranolol 24 to 48 hours.after it: 
discontinuation. 

More recently, Romagnoli and Keats!? described 34 
patients who discontinued propranolol 18 to 48 hour: 
before myocardial revascularization. Although thest 
workers detected propranolol in the plasma and atria 
tissue of a significant number of these patients, the) 
found no difference in blood pressure and heart rate 
response to a test dose of isoproterenol between thest 
patients and patients never given propranolol. The} 
concluded that no effective beta blockade was presen’ 
18 hours after acute preoperative withdrawal of pro 
pranolol in patients taking up to 300 mg/day. j 

Our clinical experience with 113 patients takin; 
propranolol within 48 hours of myocardial revascular 
ization substantiates these studies. We found no mor 
complications before or after cardiopulmonary bypas 
in these patients than in those who never took pro 
pranolol or discontinued it more than 48 hours befor 
operation. Important factors such as dose of propran 
olol, previous myocardial infarction, preoperative lef 
ventricular function and intraoperative myocardia 
depression after aortic cross-clamping were not weighet 
in favor of patients in Groups I and II (discontinuatioi 
of propranolol less than 24 hours and 24 to 48 hours 
respectively, before induction of anesthesia). In fact 


doses of propranolol were larger, and preoperativ 
i 
CA 
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TABLE II 


Cause of Death in 6 of 185 Patients Undergoing Coronary? 
Arterial Bypass Grafting 





»- 


Cause of Death 3 


Case 
no. Group 





! 
1 Hl Hypertensive episode; acute aortic dissection dur 
ing cardiac catheterization 10 days after f 
operation 
2 H Bilateral pseudomonas pneumonia 
3 H Low output immediately after operation 
4 Hl Massive pulmonary embolus 10 days after | 
operation | 
5 Hi Sudden ventricular arrhythmia; cardiac arrest 5 - 
days after operation 
6 H Hypertensive episode; acute aortic dissection 7 © 
days after operation 


^ 





Group I! = propranolol discontinued 25 to 48 hours before indu 
tion of anesthesia; Group III = propranolol discontinued more thé 
48 hours before induction of anesthesia. 
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ventricular dysfunction and the number of bypass grafts 
'erformed greater in the patients who received pro- 
»ranolol within 48 hours of operation. 

4 Recommendations for preoperative propranolol 
therapy: When patients with unstable angina taking 
E are admitted for elective myocardial re- 
vé scularization we now reduce the drug dose progres- 
sively over the 48 hours before induction of anesthesia, 
if there has been no recent change in the pattern of an- 
zinal pain. If pain intensifies or recurs after the dose of 
Propranolol has been reduced, reinstitution of effective 
drug levels is begun without hesitation. We have found 
that in most patients administration of propranolol can 
be tapered over this 48 hour period with the last dose 
riven 10.hours before induction of anesthesia. 

.. We have also noticed that patients taking propranolol 
ithin 48 hours of revascularization come to the oper- 
ing room with a slower heart rate and less hyperten- 
iion than patients who discontinue propranolol more 
han 48 hours before operation. This reduction in the 
ate-pressure product may have a beneficial effect in 
yroducing a corresponding decrease in myocardial 
»xygen consumption and ischemia in certain unstable 
ituations. Troublesome bradyarrhythmia or hypo- 
ension has not occurred in these patients. The anes- 
hetic management is extremely important in avoiding 
e- or postoperative complications. Episodes of ex- 
reme hypotension, hypertension or tachycardia in the 


= we 







F 


. Dwyer EM, Wiener L, Cox JW: Effects of beta-adrenergic blockade 

. (propranolol) on left ventricular hemodynamics and the electro- 

cardiogram during exercise induced angina pectoris. Circulation 

38:250-260, 1968 

. Gianelly RE, Goldman RH, Triester B, et al: Propranolol in patients 

with angina pectoris. Ann Intern Med 67:1216- 1225, 1967 

. Dollery CT, Paterson JW, Conolly ME: Clinical pharmacology of 
beta-receptor blocking drugs. Clin Pharmacol 10:765-799, 

1969 

. Viljoen JF, Estafanous FG, Kellner GA: Propranolol and cardiac 

surgery. J Thorac Cardiovasc Surg 64:826-830, 1972 

. Diaz RG, Somberg JC, Freeman E, et al: Withdrawal of propranolol 

and myocardial infarction. Lancet 1:1068, 1973 

. Nellen M: Withdrawal of propranolol and myocardial infarction. 

. Lancet 1:558, 1973 

. Diaz RB, Somberg J, Freeman E, et al: Myocardial infarction after 

— propranolol withdrawal. Am Heart J 88:257—-258, 1974 

. Blackburn H, Keys A, Simonson E, et al: The electrocardiogram 

in population studies: a classification system. Circulation 21: 

.. 1160-1175, 1960 

. Logue RB, King SB, Douglas JS: The current status of bypass 

_ surgery for coronary disease. In, Current Problems in Cardiology 

(Harvey JP, ed) Chicago, Year Book.Medical Publishers, in 

press 

. Caralps JM, Mulet J, Wienke HR, et al: Results of coronary artery 
Surgery in patients receiving propranolol. J Thorac Cardiovasc Surg 
67:526-529, 1974 

Moran JM, Mulet J, Caralps JM, et al: Coronary revascularization 
in patients receiving propranolol. Circulation 49, 50: Sapp! Il:II- 


MI a a i REIN 


- 


WORSE 


‘Qu 


" 


OTRO TUR 


noc 


Ney 


S ET AL. VII TP qp 


periods before and after cardiopulmonary bypass must 
be avoided by careful titration of anesthetic drugs. 

Evidence of transmural myocardial infarction in the 
perioperative period has been reported in 6 to 40 per- 
cent of patients.!9-!? Its mechanism of production is 
presently unknown and is not necessarily related to 
graft failure." No conclusions can be drawn from our 
data with regard to a protective or deleterious effect of 
propranolol on the incidence of perioperative infarc- 
tion. 

Clinical implications: In our experience propranolol 
therapy within 48 hours of operation does not increase 
the incidence of complications before or after cardio- 
pulmonary bypass. Propranolol therapy in the manner 
described does not increase the morbidity or mortality 
of the operative procedure. However, complete with- 
drawal of propranolol in patients with pattern of un- 
stable angina may often lead to unexpected acute 
myocardial infarction or death before operation. We 
recommend administration of propranolol be tapered 
during 48 hours before operation. If this is not possible, 
then propranolol may be given safely up to 10 hours 
before revascularization provided that the patient is a 
satisfactory candidate for bypass and that adequate 
myocardial revascularization can be accomplished. 
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To assess the effect of long-term lithium therapy on cardiac arrhythmie 
and cardiovascular performance, extended ambulatory electrocardic 
graphic monitoring was performed in 12 patients, and rest and exercis 
electrocardiograms in 10 of 12, before and during lithium therapy. Lithiur 
increased the frequency of premature ventricular contractions in thre 
patients, decreased it in one, and produced no change in eight. Three ¢ 
four patients with atrial arrhythmias showed improvement during lithiur 
therapy. Exercise performance was unchanged. Although 7 of the 1 
patients manifested T wave flattening in the resting electrocardiogran 
none had S-T segment displacement at rest or on treadmill exercise 
Before lithium therapy, arrhythmias on exercise included premature atri: 
contractions in four patients, ventricular arrhythmias in four ( prematur 
ventricular contractions in four, with couplets in two and with ventricula 
tachycardia in one). During lithium therapy, exercise did not provoki 
premature atrial contractions or ventricular tachycardia in any of th 
patients, but three patients had premature ventricular contractions ( witl 
couplets in one case). 

We conclude that lithium at therapeutic levels may precipitate or ag 
gravate ventricular arrhythmias. When administered to patients with hear 
disease, factors that interfere with renal clearance of lithium (heart failure 
Salt restriction, long-term diuretic therapy) must be recognized and dose 
must be adjusted accordingly. Careful follow-up and electrocardiographit 
monitoring are advisable if lithium is to be used in the presence of ven 
tricular arrhythmias. Cardiovascular performance as assessed by treadmil 
exercise testing was not affected by long-term lithium therapy. 


Lithium was introduced into psychiatric pharmacology in 1949,! but dit 
not receive widespread attention until the last decade. Numerous studie 
in the past 10 years have established lithium as a valuable agent in thi 
treatment of mania and for the prevention of a relapse in bipola 
manic-depressive illness.? Beneficial results of lithium have also beet 
reported in various other psychiatric disorders, but its value in disorder: 
other than manic-depressive psychoses remains controversial? | 

The presence of cardiovascular disease and arrhythmias is generally 
considered a contraindication to the use of lithium,4? but a search of the 
literature reveals contradictory and inconclusive reports. Many psy: 
chiatric patients with cardiac disease or arrhythmias have now beer 
exposed to this drug. This study was designed to evaluate the effects oi 
therapeutic doses of lithium on cardiac arrhythmias, exercise perfor: 
mance and the exercise electrocardiogram. | 
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Methods 





) tient Population 


__ Twelve patients, 11 men and 1 woman, with various psy- 
chiatric diagnoses were studied (Table I). Only adult patients 
vho were able to give informed consent and whose attending 
»chiairis considered them a candidate for lithium therapy 
were included in the study. Severely agitated patients or those 
n whom a 48 hour delay in therapy was deemed deleterious 
vere excluded. Patients receiving long-term treatment with 
ther medications were accepted if no change in dose was 
nade during the study period. No attempt was made to ex- 
lude patients with known preexisting heart disease or ar- 









All patients were examined by one of us (A.T.) and gave 
formed consent. The study was approved by the Stanford 
Jniversity School of Medicine and the Palo Alto Veterans 
\dministration Hospital Committees on the Use of Human 
subjects in Research. All patients underwent the following 
udies before lithium administration: complete blood count, 
rinalysis, determinations of serum creatinine, sodium, po- 
issium, chloride and carbon dioxide, evaluation of thyroid 
unction, chest X-ray and electrocardiogram. Exercise elec- 
rocardiography in 10 of the 12 patients and 42 to 48 hour 
mbulatory electrocardiographic monitoring in all patients 
1imediately preceded administration of lithium. 

Lithium carbonate was given orally, as prescribed by the 
[tending psychiatrist, in daily divided doses ranging from 900 
0 1,500 mg (24 to 40 mEq lithium/day). Serum levels of lith- 
um were measured three times weekly. When these reached 
erapeutic levels (0.6 to 1.5 mEq/liter) in 6 to 14 days, 24 to 
8 hour ambulatory electrocardiographic monitoring, exercise 
ectrocardiogram and laboratory testing were repeated. Blood 
r serum lithium and other electrolyte determinations was 
rawn in the fasting state. Lithium levels were determined by 
tomic absorption spectrophotometry using a Perkin-Elmer 
. 303 analyzer. ' 
Arrhythmia detection: Ambulatory electrocardiographic 
1onitoring was continued in four patients for 8 to 10 days 
rithout interruption, in two of these patients (Cases 11 and 
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12) because of preexisting severe coronary artery disease with 
arrhythmias and in the other two (Cases 9 and 10), because 
frequent premature ventricular contractions were noted on 
the initial examination. Except for Patients 11 and 12, who 
were restricted to a cardiac surveillance unit for added pro- 
tection, all patients continued their usual level of unrestricted 
activity. 

The 12 lead electrocardiogram was obtained with the pa- 
tients supine in the postabsorptive state with use of a single 
channel Hewlett-Packard no. 1511 electrocardiograph. The 
ambulatory tracings were recorded using a single channel 
Avionics electrocardiographic tape recorder and a modified 
V; lead system. The patients recorded a detailed diary of 
symptoms and activities, including sleep, as they followed 
their normal daily routine. The tapes were processed at 60 
times real-time, using a digital computer system developed 
at Stanford Medical Center.’ This system provides plots of 
R-R interval, QRS duration and mean QRS vector for each 
heartbeat during the entire recording. These data are plotted 
simultaneously as a function of time, allowing visual detection 
of all arrhythmias. Verification of arrhythmias is made by 
sampling a digitized electrocardiographic signal from un- 
limited numbers of 1 minute segments of the recording. These 
segments are selected after visual inspection of the plots of 
R-R interval, QRS duration and mean QRS vector. Frequent 
or continuous sampling is made when there is a noisy signal 
or when there are complex arrhythmias. The entire record was 
divided into 1 hour segments and the total number of pre- 
mature atrial or ventricular contractions per hour was deter- 
mined by visual inspection of the computer-generated plots. 
The presence of multiform premature ventricular contrac- 
tions, early (R on T) contractions, couplets, bigeminy and 
ventricular or supraventricular tachycardias was noted for 
each 24 hour recording. From the patient's diary the recording 
was divided into waking and sleeping periods, and each period 
was analyzed separately. In each patient the data obtained 
before treatment with lithium were compared with those 
obtained when lithium blood levels were in the therapeutic 
range. 

Exercise electrocardiogram: The test was performed on 
a motorized treadmill and followed the protocol of Bruce and 
Hornsten? (Patients 2 and 3 refused this test). Leads II and 


linical Status of Patients Before Lithium Therapy 
page ACS oe Soar Tg fae Sage I See SGT: ey Rae mM unmute cte rtt 
Case Age (yr) 


History of Abnormal! Cardiac 





no. Sex Heart Disease Findings Chest X-Ray Data ECG Data Other Medications 
4 34F None - None Normal Normal 
2v 56M None None Normal Normal Haloperidol, 20 mg/day 
at] 73M HBP, Bilateral rales; Cardiomegaly STI Digoxin, 0.25 mg/day; 
s CHF S, gallop; furosemide, 40 mg/day; 
+ PAT pedal edema haloperidol, 6 mg/day 
4 51M None None Normal Normal 
p.5 42M HBP None Normal Normal Hydrochlorothiazide, 50 mg/day 
p 6 60M PAT None Normal Normal Digoxin, 0.25 mg/day 
g^ 7 54M None None Normal Normal Diphenhydramine, 200 mg/day 
eS 57M None Mild Al Normal Normal Diphenylhydantoin, 300 mg/day; 
E chlorpromazine, 300 mg/day 
“a 51M None PCs Normal PVCs i 
-10 25M None PCs Normal PVCs 
11 64M MI, VT PCs, S, gallop Cardiomegaly PVCs, Ant MI 
E12 50M MI, Angina PCs, S, gallop Cardiomegaly PVCs, Ant MI Tolbutamide 


t 





AI = aortic insufficiency; Ant = anterior; CHF = congestive heart failure; ECG = electrocardiographic; HBP = high blood pressure; MI = myo- 
irdial infarction; PAT = paroxysmal atrial tachycardia; PCs = premature contractions; PVCs = premature ventricular contractions; ST} = S-T 
gment depression; VT = ventricular tachycardia. 
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V; were monitored. On the initial test (before administration 
of lithium), patients were urged to perform maximally, and 
the tests were stopped at the request of the patient. On the 
second test (during lithium therapy) patients were encouraged 
to achieve the same level of exercise (in seconds) but were not 
permitted to exceed this level. No test was discontinued be- 
cause of arrhythmia. Blood pressure was measured by a 
sphygmomanometer, with the patient standing, before and 
immediately after the exercise. The electrocardiogram was 
monitored continuously, and recordings of 20 seconds’ dura- 
tion were obtained every minute of exercise and for 8 minutes 
of the recovery period. All premature beats occurring during 
exercise or the first 8 minutes of recovery were counted and 
recorded for every 100 sinus beats. 

Mathematical and statistical analyses were performed on 
a Hewlett-Packard model 9100A calculator, using standard 
programs. The mean number of premature ventricular and 
atrial contractions before and during lithium therapy was 
compared using a standard two-tailed t test. 


Results 


Clinical Course 


Relevant clinical information is summarized in Table 
I. Before lithium therapy, four patients (Cases 1, 2, 4 
and 7) were completely free of detectable heart disease. 
Two patients (Cases 9 and 10) had frequent premature 
ventricular contractions but no other detectable ab- 
normalities noted in extensive noninvasive studies, in- 
cluding a maximal treadmill electrocardiographic test 
and echocardiograms, carefully searching for mitral 
valve prolapse. Three patients (Cases 5, 6, and 8) had 
mild abnormalities detected by history or physical ex- 
amination but remained free of symptoms. Three pa- 
tients (Cases 3, 11 and 12) had advanced coronary artery 
disease with a history of myocardial infarction, stable 
angina, congestive heart failure and short bursts of 
ventricular tachycardia. 

During lithium therapy: Cardiac effects such as 
symptomatic arrhythmias, worsening angina or heart 
failure were not demonstrated by any patient during 
lithium therapy. Because serum lithium levels were 
monitored closely, no patient had lithium toxicity, al- 
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though three were on a salt-restricted diet and two were 


receiving long-term diuretic therapy. j 


Electrocardiogram , 


Resting electrocardiogram: Changes i in the 12 lead 
tracing during lithium therapy were minor and limited 
to T wave changes. Seven patients had 1 mm or more of 
T wave depression or flattening, and five showed no 
change. No T wave changes were seen in the patients 
with severe cardiac disease (Cases 3, 11 and 12), all of 
whom began the study period with an abnormal elec- 
trocardiogram. | | 

Ambulatory monitoring: Table II summarizes the 
number of hours of ambulatory electrocardiographic 
monitoring during waking hours and sleep, and serum 
electrolytes and lithium levels during the ambulatory 
monitoring period for each patient. The duration of 
monitoring ranged from 27 to 74 hours (mean 42 hours) 
before lithium therapy and from 16 to 193 hours (mean 
62 hours) during therapy. Serum electrolytes were 
normal and showed no significant change during lithium 
therapy. The number of days of lithium therapy before 
repeat ambulatory electrocardiographic monitoring 
ranged from 6 to 14. Serum lithium levels during the 
period of monitoring were in the therapeutic range ol 
0.8 to 1.4 mEg/liter (mean 1.2 mEq/liter) for all pa: 
tients. In Patients 9 through 12, who were monitored 
continuously during the 6 to 8 days of lithium admin- 
istration, peak serum lithium levels ranged from 1.1 tc 
1.4 mEg/liter. | 


Ventricular Arrhythmias 


During the entire study period, all patients except one 
(Case 5) had some ventricular arrhythmia. In five pa- 
tients (Cases 1, 2, 4, 6 and 8) the arrhythmia was limited 
to isolated rare premature ventricular contractions 
ranging in frequency from 1 to 7/day, with no change 
during lithium administration. These patients were 
considered to be free of significant arrhythmia and were 
excluded from further analysis. Five of the remaining 
six patients had frequent premature ventricular con- 


Duration of Ambulatory Electrocardiographic Monitoring and Serum Electrolyte and Lithium Levels Before and During 


Lithium Therapy 


Before Lithium Therapy 


During Lithium Therapy 


ere oO OOo 


Serum (mEq/liter) 


Serum (mEq/liter) 


Case Hours of Days Hours of 
no. ECG K+ Na+ CI— CO, of Therapy ECG K+ Na+ CI— CO, Li+ 
1 32A; 14S 4.0 139 106 27 14 30A; 14S 4.3 141 104 24 1.9 
2 20A; 8S 3.9 141 101 25 10 10A; 6S 4.1 140 99 24 1.4 
3 32A; 14S 4.8 137 97 33 8 9A; 8S 4.3 139 99 30 0.9 
4 29A; 18S 4.4 139 101 22 14 21A; 22S 4.6 143 107 25 0.9 
5 28A; 9S 4.4 143 104 25 14 27A; 19S 4.7 144 102 26 te 
6 21A; 13S 4.8 140 98 31 10 22A; 12S 4.8 141 98 29 1.4 
7 14A; 13S 4.5 137 97 20 6 20A; 18S 4.7 140 102 22 12 
8 25A; 18S 4.3 137 97 18 10 25A; 16S 3.8 136 98 20 0.8 
9 50A; 24S 4.3 140 105 21 6 67A; 33S 4.7 140 99 24 0.3—1.1 
10 23A; 19S 4.4 140 102 30 8 135A; 58S 4.7 143 102 31 0.3—1.1 
11 20A; 18S. 4.7 142 104 23 6 45A; 33S 3.8 140 99 28 0.3—1.4 
12 23A; 17S 4.3 143 103 24 6 62A; 28S 4.2 141 100 24 0.3—1.3 


A = while awake; ECG = electrocardiogram; S = while asleep. 
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FIGURE 1. Effect of lithium on premature ventricular 
contractions (PVC's) during waking hours (A) and sleep 
(B). The level of statistical significance of the change in 
mean number of premature ventricular contractions per 
hour is given for each patient. During the waking state, 
the frequency of these contractions increased in three 
patients, lessened in one and showed no change in two. 
During sleep, the frequency increased in two patients, 
lessened in one and showed no change in three. NS — 
not significant; P — probability. 


FIGURE 2. Effect of sleep on premature ventricular 
contractions in patients with more than 100 such con- 
tractions in 24 hours, before (A) and during (B) lithium 
therapy. The level of statistical significance of the change 
in mean number of premature ventricular contractions 
per hour is given for each patient. All patients showed a 
decrease in frequency during sleep both before and 
during lithium therapy. 


FIGURE 3. Effect of lithium on premature atrial con- 
tractions (PAC's) during waking hours (A) and sleep (B). 
The level of statistical significance of the change in the 
mean number of premature atrial contractions/hour is 
given for each patient. In three of our patients who had 
premature atrial contractions before lithium therapy the 
contractions decreased in frequency during both waking 
hours and sleep after lithium therapy. The effect of sleep 
on frequency was inconsistent. 


tractions during the control monitoring period. While 
awake during lithium therapy, two patients had more 
frequent premature ventricular contractions, two 
showed no change and one had fewer premature ven- 
tricular contractions. Only one patient (Case 7) had 
frequent premature ventricular contractions during 
lithium therapy but none before therapy (Fig. 1A). The 
effect of lithium on these six patients during periods of 
sleep was similar (Fig. 1B). 

Effect of sleep: Before lithium therapy, all patients 
with frequent premature ventricular contractions had 
a highly significant decrease in these arrhythmias 
during sleep. This apparent antiarrhythmic effect of 
sleep remained unchanged during lithium therapy (Fig. 
2). 

Complex ventricular arrhythmias: Episodes of 
multiform premature ventricular contractions, couplets, 
bigeminy or ventricular tachycardia were seen in four 
patients both before and during lithium therapy. It was 
not possible to count all such episodes accurately, but 
no clear increase after lithium was noted (Table III). 
Symptomatic arrhythmia did not develop in any pa- 
tient. 


Atrial Arrhythmias 


Atrial arrhythmias were rare (Table III). Five pa- 
tients (Cases 1, 5, 9, 10 and 11) had none, three (Cases 
2, 4 and 6) had rare premature atrial contractions before 
lithium therapy, with no change during therapy. Four 
patients had a rate of 1.6 to 284.0 such contractions per 
hour before lithium therapy. Three of these four pa- 
tients had a decrease in frequency of these contractions 
during lithium therapy, both while awake and while 
asleep (Fig. 3). 

Supraventricular tachycardia of 5 to 10 beats was 
recorded seven times in two patients before—and once 
during—lithium therapy. 


TABLE Ill 
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Table III provides asummary of all arrhythmias ob- 
served during ambulatory electrocardiographic moni- 
toring. Three patients (Cases 7, 10 and 11) had more 
frequent or more severe ventricular arrhythmias during 
lithium therapy, one patient (Case 9) showed im- 
provement and eight showed no change. In all patients 
with premature atrial contractions or supraventricular 
tachycardia, these arrhythmias decreased during lith- 
ium therapy, and neither arrhythmia developed de 
lithium therapy. 


Exercise Electrocardiogram 


Exercise performance: The results of the exercise 
electrocardiogram are summarized in Table IV. Dura- 
tion of exercise before and during lithium therapy was 
identical for all 10 patients, indicating that no deterio- 
ration of exercise capacity occurred during therapy. At 
the same work load for the two exercise tests, the max- 
imal heart rate before lithium therapy was slightly 
higher than that observed during therapy (P <0.05). 

Peak systolic blood pressure during exercise showed 
no significant change during lithium therapy. The heart 
rate times systolic blood pressure (double product) 
showed a small but significant decrease during lithium 
therapy (P <0.05). This change reflected the lower heart 
rate during lithium therapy. 

There were no ischemic S-T segment abnormalities 
during lithium therapy. Only one patient (Case 12), wha 
had angiographically documented coronary artery 
disease and previous myocardial infarction, manifested 
1 mm S-T depression before lithium therapy and this 
finding remained unchanged after lithium therapy. — 

Arrhythmias during exercise: Arrhythais 
present during exercise and 8 minutes of recovery are 
summarized in Table V. Before lithium therapy, fou1 
patients had premature atrial contractions at a rate ol 
1 to 4/100 sinus beats. No patient had such contractions 


Summary of Arrhythmias Observed During Ambulatory Electrocardiographic Monitoring in All Patients 





Before Lithium Therapy 


Case no. Arrhythmia 

NSR 

5 PVCs 

Frequent multiform PVOs, bigeminy, 
couplets; frequent PACs, SVT (X5) 

PVOCs, 1/hour, PACs, 1/hour 

NSR 

NSR 

PACs 1/hour, SVT (X2); no PVCs 


Frequent PACs, PVCs, 1/hour 


Frequent multiform PVCs 
Frequent uniform PVCs 
Frequent multiform PVCs, couplets 
(X26), VT (3-4 beats) (X 1) 
Frequent multiform PVCs, 
couplet (X 1); frequent, PACs 


= Oto oco "Oooc]c 4A WN 


— = 


= 
N 


Total 


During Lithium Therapy 


Hours of Hoursof 
ECG Arrhythmia ECG 
46 Single PVC 44 —— 
28 No PVCs, 1 PAC 16 1 
46 No change 17 | 
47 No change 43 
37 No change 46 
34 Single PVC, 7 PACs 34 
27 No PACs, no SVT; frequent 38 
PVCs 
43 | PACs; no change PVCs; A-V 41 
dissociation (X 7 hours) 
74 t PVCs 100 
42 t PVCs 193 
38 t Y. oe couplets (X41), VT 78 
x 4) 
40 No change in PVCs, couplet 90 
(X 1), ventricular bigeminy; 
no PACs 
502 740 


i = decreased; t = increased; A-V = atrioventricular; NSR = normal sinus rhythm; PACs = premature atrial contractions; PVCs = premature 
ventricular contractions; SVT = supraventricular tachycardia; VT = ventricular tachycardia. 
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TABLE IV 
-xercise Performance in 10 Patients Before and During 
-ithium Therapy 





Ü Before During 

b) i Lithium Lithium Statistical 
" Therapy Therapy Signifi- 
5 (mean + SD) (mean + SD) cance 


Duration of ex- 457 * 168 459 * 170 NS 
ercise (sec) 
Heart rate 
(beats/min) 
Systolic blood 
pressure (mm 
Hg) 
Heart rate- 
blood pressure 
praguct/100 beats 
Ischemic S-T 1 1 NS 
depression 
(no. of pa- 
tients) 


153 + 19 147+ 19 P «0.05 


um TV 
» - 


X 


169 + 20 162 * 19 NS 


256 + 39 238 * 28 P «0.05 
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NS = not significant; P = probability; SD = standard deviation. 
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on exercise during lithium therapy. There were no epi- 
sodes of sustained supraventricular tachycardias during 
either test. Before lithium therapy, four patients had 
premature ventricular contractions during exercise, 
ranging from 2 to 15/100 sinus beats. Complex ven- 
tricular arrhythmias developing in these patients before 
lithium therapy included multifocal premature ven- 
tricular contractions, couplets and a short run of ven- 
tricular tachycardia. During lithium therapy, Patient 
9 remained free of premature ventricular contractions, 
Patient 10 had an unchanged number of such contrac- 
tions and manifested frequent couplets but no ven- 
tricular tachycardia. Patient 11 had a decreased fre- 
quency of premature ventricular contractions and no 
couplets; only Patient 12 showed no change. No patient 
free of ventricular arrhythmias during exercise before 
lithium therapy had such arrhythmias during lithium 
therapy. 


E | Discussion 


— Lithium was introduced to psychiatric therapy by 
Cade! in 1949 but has achieved general acceptance and 
widespread use, particularly in the United States, only 
in the past 5 years.* The reasons for this slow acceptance 
in the United States were several: (1) reports of fatal 
lithium intoxication during its uncontrolled use as a salt 
substitute; (2) preoccupation with other psychophar- 
macologic agents that were simultaneously introduced; 
and (3) lack of interest on the part of pharmaceutical 
companies in a nonpatentable drug.? 

_ Reported cardiac effects of lithium: At present, 
lithium is considered the treatment of choice for the 
long-term control of mania in manic-depressive psy- 
choses and the prevention of relapse in bipolar manic- 
depressive illness. With the increasing use of lithium, 
various side effects and manifestations of toxic effects 
have been reported, including those involving the car- 
diovascular system. Recent reviews?^? have shown the 
cardiac effects of lithium to be variable. Lithium in dogs, 
in short-term preparations and large doses, has been 
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TABLE V 
Exercise-Induced Arrhythmias Before and During 
Lithium Therapy 


Before Lithium Therapy During Lithium Therapy 


Case 
no. PACs* PVCs* PACs* PVCs* 
1 1 + + + 
2* 54 Ads NEF 
3t Lo ME 35 
4 + + + + 
5 + + + + 
6 1 + + + 
7 + + + + 
8 1 + + + 
9 + 2 (unifocal), + + 
1 couplet 
10 + 15 (unifocal), + 17 (unifocal), 
VT (6 couplets 
beats) 
11 + 12 (unifocal), + 4 (multifocal, 
couplets no couplets 
12 4 2 (multifocal) + 2 (multifocal) 


*Reported per 100 sinus beats. 

*No arrhythmia detected. 

*Patient refused exercise test. 

PACs = premature atrial contractions; PVCs = premature ventricu- 
lar contractions; VT = ventricular tachycardia. 


reported to cause hypotension and cardiac arrest.!?:!! 
At a.slower rate of intravenous administration, lithium 
is reported to have antiarrhythmic!^-!* and positive 
inotropic effects! in experimental models. We were 
unable to find any studies on the effects of long-term 
lithium administration on myocardial contractility in 
animals or man. Therapeutic doses of lithium in man 
cause reversible T wave changes.!9-!5 Two single case 
reports have attributed premature ventricular con- 
tractions!? and symptomatic sinus nodal dysfunction”? 
to the use of lithium in therapeutic doses. 

Cardiac abnormalities were seen rarely in patients 
during lithium intoxication, and serious arrhythmias 
have been reported in only three patients.?!-?? Fatal 
lithium intoxication always presents with severe ab- 
normalities of the central nervous system. Pulse ir- 
regularities, hypotension and circulatory collapse, 
generally listed among the toxic cardiac effects of lith- 
ium, occurred only after prolonged coma.?4-?* 

Lithium and ambulatory arrhythmias: Our am- 
bulatory electrocardiographic monitoring data suggest 
that long-term lithium administration in man in ther- 
apeutic doses may induce (one of six patients) or ag- 
gravate (two of six patients) preexisting ventricular 
arrhythmias in the absence of other electrolyte abnor- 
malities. In contrast, atrial arrhythmias, although few, 
seem to decrease during lithium therapy. 

Lithium and exercise performance: Our results 
show that lithium in therapeutic doses in man does not 
adversely affect exercise performance. Time spent on 
the standardized treadmill is a reliable indirect mea- 
surement of maximal oxygen consumption and, in the 
absence of lung disease or anemia, closely reflects 
maximal cardiac output. Interventions that would de- 
crease myocardial contractility and cardiac output 
would be expected to decrease the duration of maximal 
exercise.?? 
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Resting heart rate was not affected by lithium ther- 
apy. There was a small but significant decrease in the 
heart rate-systolic blood pressure product (double 
product) during lithium therapy at the same level of 
exercise as before lithium administration. This change 
was due to the slower heart rate during exercise because 
changes in the systolic blood pressure were not different. 
This improvement in performance cannot be attributed 
directly to lithium because such changes can be sec- 
ondary to a "learning effect" from the first to the second 
test.?? Although hypotension and cardiovascular col- 
lapse are listed as cardiotoxic effects of lithium, these 
have been reported only after severe lithium intoxica- 
tion and prolonged coma. Our findings indicate that in 
therapeutic doses lithium does not adversely affect 
maximal cardiac work. 

Lithium and exercise-induced S-T changes: In six 
patients T wave depression developed in the resting 
electrocardiogram during lithium therapy, a finding 
similar to that reported previously.!9-!* The mechanism 
proposed for this effect is intramyocardial replacement 
of potassium ion with lithium. Potassium depletion?! 
and digitalis, 32 which alter the intramyocardial ratio of 
potassium ion to sodium ion,” are known to cause 
false-positive ischemic S-T depression in the exercise 
electrocardiogram. Nine of 10 patients had no S- T de- 
pression on exercise, before or during lithium therapy, 
and the 1 mm depression noted in the patient with 
coronary artery disease did not change during lithium 
therapy. Thus, as detected by the stress electrocardio- 
gram, lithium does not cause myocardial ischemia, ex- 
acerbate preexisting ischemic responses or cause a false 
positive response. This observation should prove valu- 
able in the evaluation of suspected coronary disease in 
patients receiving lithium therapy. 

Lithium and arrhythmias during exercise: Lith- 
ium therapy abolished premature atrial contractions 
during exercise in four patients. None of the other eight 
patients had atrial arrhythmias during exercise while 
receiving lithium. These findings are in agreement with 
the data obtained during ambulatory electrocardio- 
graphic monitoring and further strengthen the 
suggestion that lithium may be beneficial in controlling 
atrial tachyarrhythmias. In the three case reports of 
serious arrhythmias during lithium intoxication, the 
abnormalities included sinoatrial block, atrioventricular 
(A-V) block and A-V dissociation.?! 7? 

Ventricular arrhythmias (premature ventricular 
contractions, couplets and ventricular tachycardia) 
during exercise and the immediate recovery period 
decreased in three of the four patients during lithium 
therapy. This finding is somewhat at variance with the 
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ambulatory electrocardiographic monitoring data, 
which showed an increase in frequency of premature 
ventricular contractions during lithium therapy in 3 of 
12 patients. Since these tests were performed in the 
same patients during the same study period, this dif 

ference probably reflects the different method of test- 
ing. The value of ambulatory electrocardiographic 
monitoring in arrhythmia detection has recently beer 

compared with that of the exercise electrocardio- 
gram.°4:3° Both methods were considered effective in 
detecting arrhythmias, but each may yield different 
information about the electrophysiologic state of the 
myocardium.’ Arrhythmias detected with ambulatory 
electrocardiographic recording are probably better 
understood than are those provoked by exercise, with 
regard to their significance and associated risk. 36 


Therapeutic Implications 


From our findings we conclude that in therapeuti 
doses (1) lithium does not adversely affect cardiac 
function, as measured by treadmill testing; (2) proposec 
lithium-related electrolyte shifts affect the T wave o! 
the resting electrocardiogram but do not result in rest: 
ing or exercise-induced S-T segment abnormalities; (3, 
lithium decreases the frequency of preexisting prema 
ture atrial contractions and may decrease the frequency 
of paroxysmal supraventricular tachyarrhythmias; anc 
(4) lithium does not aggravate exercise-associatec 
ventricular arrhythmias, but ambulatory electrocar 
diographic monitoring data suggest that ventricula 
arrhythmias may occur or be aggravated during lithiun 
therapy. 

The presence of heart failure, salt restriction? anc 
long-term use of diuretic agents 38 all decrease the rena 
clearance of lithium, which could result in lithium tox 
icity. However, lithium can be used in cardiac patients 
if factors interfering with its excretion are identified anc 
the dose adjusted accordingly. Until further studie 
provide more experience, patients with ventricular ar 
rhythmias or sinus nodal dysfunction should be followe 
up closely with frequent electrocardiographic moni 
toring during lithium therapy. 

Studies in long-term animal models and further in 
vestigation in man are necessary for better under 
standing of the cardiac effects of lithium therapy. 
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Introduction 


HENRY N. WAGNER, Jr., MD 


Baltimore, Maryland 


Fifty years ago, Blumgart and Yens! first used ra- 
dioactive tracers in the detection and study of patients 
with heart disease. Their studies, representing the first 
applications of nuclear techniques to medical diagnosis, 
were performed almost 15 years before the first use of 
isotopes of iodine to study the thyroid: 

Although tracers such as radioactive sodium and ra- 
dioiodinated albumin were used in clinical research, the 
first procedure to achieve wide clinical use in cardio- 
vascular nuclear medicine was the use of radioiodinated 
albumin to detect pericardial effusion, introduced in 
1957 by Rejali et al.? in Cleveland. Lung scanning,’ in- 
troduced in 1963, remains the most widely used proce- 
dure in cardiovascular nuclear medicine today although 
new procedures are rapidly reducing its predomi- 
nance. 

Nuclear techniques, in addition to their use in the 
care of seriously ill patients in coronary care units, are 
gradually achieving wide use in conjunction with exer- 
cise testing and in screening patients for congenital 
heart disease. Newer developments of simpler special 
purpose devices such as the nuclear “stethoscope” to 
provide left ventricular volume curves may some day 
bring certain aspects of cardiovascular nuclear medicine 
into the realm of office procedures. 

The major role of cardiac diseases as a source of 
mortality and morbidity in industrialized countries, no 
less than the insidious onset of many of these diseases, 
has led to a whole series of technical advances aimed at 
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diagnosing heart disease at the earliest possible E 
A major revolution in diagnostic accuracy occurred with 
the development of contrast angiography, which pro- 
vides precise images of the structure and function of the 
heart including the coronary vessels. 

The application of angiography is limited, however, 
by its complexity and occasional morbidity, since it does 
carry a slight risk of fatality (probably less than 0.1 
percent). Although its exquisite visualization of the 
anatomy of the heart and the coronary vessels makes i 
an essential procedure in candidates for surgery, angi- 
ography can hardly meet the needs of the huge numbers 
of patients with suspected or proved coronary arteria 
lesions and other forms of heart disease. Nor is it ac- 
ceptable as a means of frequently monitoring the pa- 
tient's response to therapy, whether surgical or medi- 
cal. 

These gaps in existing diagnostic technology are be- 
ginning to be filled by two new and largely comple- 
mentary procedures: echocardiography and cardio- 
vascular nuclear medicine. The former has proved 
especially valuable in diagnosing cardiac valve disease; 
the latter has thus far found its main application in as- 
sessing ventricular function, both regional and total, and 
therefore in diagnosing various types of myocardial 
disease. 

'The structural detail obtainable through cardiovas- 
cular nuclear medicine is by no means in a class with 
that yielded by contrast angiography; both the quality 
and resolution of images are far inferior. But broadly 
speaking, where contrast angiography concentrates on 
structure, cardiovascular nuclear medicine focuses on 
function. It is able to show whether the right or left 
ventricle is enlarged and whether there is myocardial 
hypertrophy or thinning of the ventricular wall. It can 
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indicate whether ventricular motion is normally active 
or hypoactive, either generally or regionally, the latter 
3 r condition pointing to focal weakening of the myocar- 
dium. Regional myocardial blood flow as well as ven- 
1 tricular wall motion can be examined simply and safely. 
The regional blood flow studies, carried out during ex- 
e ercise testing in association with electrocardiography, 
re being increasingly used when coronary disease is 
suspected, particularly when the indications are still 
sufficiently ambiguous to make the decision to perform 
n Bontrast angiography difficult. An example is that of an 
airline pilot with electrocardiographic abnormalities 
‘detected on a routine examination. Hitherto, perfor- 
E m ance of contrast angiography was the only way to as- 
certain definitely whether coronary disease was present 
i ar d whether the man could continue to fly. It is possible 
- that in time angiography can be avoided in such patients 
by using radioactive tracer studies during exercise to 
indicate the presence or absence of coronary disease. 
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While not fully validated as yet, the initial results with 
such studies in many institutions have been very en- 
couraging. 

The papers in this Symposium have been selected in 
an effort to survey the use of radioactive tracers in the 
study of cardiovascular disease and the care of patients. 
Some of the procedures and devices are still highly ex- 
perimental. Others are gradually achieving an impor- 
tant role in patient care. The articles are not meant to 
be all-inclusive. Important procedures such as the use 
of radioactive gases to study the heart and lungs have 
been omitted, not because they are of less value but 
because their use is less widespread than that of some 
of the other methods. The series should be considered 
in the nature of a progress report rather than a critical 
review. If the papers serve to acquaint cardiologists with 
some of the present areas of research and to stimulate 
their participation in this exciting field, they will have 
served their purpose. 
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Radionuclide angiocardiography is a useful method in the evaluation of 
patients with congenital heart disease, safely and nontraumatically. 
Physiologic variables such as transit times, cardiac output, left ventricular 
ejection fraction, stroke volume, end-diastolic volume can be measured 
accurately with this technique. An important application of radionuclide 
angiocardiography in children with congenital heart disease is in the 
detection, localization and quantification (pulmonary to systemic flow 
ratio) of intracardiac shunts and shunts between the great vessels. 
This technique has been found useful in the evaluation of the newborn 
infant with cyanosis, the patient with a cardiac murmur and the patient 
who has had cardiovascular surgery. Newer mobile gamma camera- 
computer systems permit the performance of radionuclide angiocardi- 
ography in severely ill premature and newborn infants and patients during 
the early postoperative period. Specially designed magnifying collimators 
and the development of ultrashort-lived radionuclides should result in an 
overall improvement in the diagnostic capabilities of this technique and 
in a further reduction in the radiation dose. ; 


The most common method employed to assess the structure and functior 
of the cardiovascular system in children is cardiac catheterization witl 
fluoroscopy and single or biplane angiocardiography. This methoc 
provides accurate information and has been responsible for many ad 
vances in the diagnosis and treatment of congenital heart disease 
However, cardiac catheterization is traumatic and carries a small bu 
definite risk of morbidity or rarely, mortality to the patient. In addition 
the level of radiation during fluoroscopy and angiography is relatively 
high, and patients are often subjected to multiple cardiac catheteriza 
tions. The contrast material used for angiography is hyperosmolar anc 
of relatively large volume. It is injected under high pressures that ma) 
cause transient physiologic alterations or, less frequently, permanen 
tissue damage. 

Radioactive tracers, on the other hand, can provide useful informati 
about the cardiovascular system with much less risk and trauma. Al 
though their exact role in clinical practice has to be determined, it i 
already clear that many advances have taken place since the early worl 
of Blumgart and Yens! and Blumgart and Weiss? nearly half a centur 
ago. The most important advances have occurred during the past decade 
The development of practical gamma scintillation cameras,?^ with on 
line computer systems and short-lived radionuclides is, in great part 
responsible for the recent advances in the application of radioactivt 
tracers in the evaluation of the cardiovascular system. There are nov 
radionuclide techniques for measurement of transit times, cardiac out 
put, left ventricular ejection fraction, stroke volume and end-diastolii 
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FIGURE 1. Radionuclide injector. A constant flow is initiated with the 
saline syringe, and the radionuclide solution is injected immediately to 
give a small and single bolus dose. 


p. 
volume; detection, localization and quantitation of in- 
tracardiac shunts; measurement and imaging of myo- 
dial blood flow; and detection, localization and sizing 
of myocardial infarcts. Radionuclide evaluation of 
congenital heart disease focuses on the use of radionu- 
clide angiocardiography for evaluation and quantitation 
of shunts and for delineation of certain flow patterns 
(including pre- and postoperative evaluation). 
— Radionuclide angiocardiography? is defined as serial 
Bazine of the passage of radioactive tracers through 
E cardiovascular system with a gamma scintillation 
mera. Data handling and analysis usually include the 
use of an on-line digital computer system.® Radionuclide 
moaroraph is generally performed after ad- 
inistration of technetium-99m as sodium pertechne- 
tate* or 99™Tc human serum albumin. This technique 
requires a single intravenous injection, and is well tol- 
erated even by severely ill children.?? The volume of 
injectate is small, and there are no known or detectable 
hemodynamic or pharmacologic effects resulting from 
the administration of high specific activity radionuclide 
olution. 

- Radionuclide angiocardiography provides two kinds 
of information: qualitative (or morphologic) and 
quantitative (hemodynamic).? Anatomic information 
can be obtained with scintillation cameras and suitable 
recording equipment (videotape, cine film or timed 
scintiphotographs!?) but such information is limited by 
the relatively poor resolution of current gamma cam- 
eras. Analysis of the information available in radionu- 
clide angiocardiography is enhanced greatly by the use 
of on-line digital computer systems with which it is 
possible to record, store, display and analyze dynamic 
scintigraphic data. 

—A On-line computer systems permit rapid and accurate 
processing of large amounts of data, a definite advan- 
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E^ Technetium-99m has a physical half-life of 6 hours and decays with 
the emission of a monoenergetic 140 keV gamma ray. 
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tage when the information is to be used in decision 
making in the care of severely ill patients. Without 
modern computer systems, less information would be 
obtained with radionuclide angiocardiography and its 
clinical application would be limited. Although simple 
for the patient, radionuclide angiocardiography ne- 
cessitates meticulous technique if reliable results are to 
be obtained and requires physiologic understanding if 
the maximal amount of information is to be derived. 


Method 


Patient preparation: Sodium perchlorate (intravenous) 
or potassium perchlorate (oral) is given in a dose of 6 mg/kg 
before radionuclide administration. In premature and new- 
born infants, sedation is not necessary; in a few children under 
age 8 years sedation may be required. Small patients must be 
immobilized; older children are more cooperative provided 
adequate explanations are given. A 23 or 25 gauge intravenous 
needle is inserted in the right external jugular vein and secured 
with tape (see later). The patient is then positioned with the 
gamma camera viewing the chest from the anterior (or left 
anterior oblique) position. Accurate positioning is achieved 
using radioactive markers over the suprasternal notch and 
xyphoid and ensuring that the chest is centered with the field 
of view of the gamma camera. 

Radionuclide: Technetium-99m as sodium pertechnetate 
or *?m'Tc human serum albumin is given in a dose of 200 
microcuries (uCi)/kg body weight. A minimal total dose of 2 
to 3 mCi is necessary for reliable counting statistics. The ra- 
dionuclide solution must be of high specific activity (30 to 40 
mCi/ml) so that its volume is very small (0.1 to 0.5 ml). If more 
than one radionuclide injection is desired, it is possible to use 
high specific activity 9°™Tc(Sn) diethilenetriamine pentaa- 
cetic acid (DTPA)® complex, a chelate that is eliminated by 
glomerular filtration. Its use results in lower background levels 
for subsequent administrations of radionuclide. 

Injection technique: The radionuclide is injected as a 
bolus dose and flushed with 1 to 10 ml of saline solution, de- 
pending on the patient's size. The bolus dose must be 
“unique,” that is, nonfragmented, and have a duration of less 
than 2 seconds, as estimated from a time-activity curve gen- 
erated from a small region of interest over the superior vena 
cava without pulmonary overlap. Delivery of such a bolus dose 
is important for clear temporal resolution and is required for 
accurate quantitative evaluation. If the dose has a prolonged 
duration or is fragmented, the study is considered inadequate 
for quantitative evaluations.'!!? Injections in the right or left 
jugular vein result in a greater than 95 percent rate of satis- 
factory studies. Injections in the antecubital vein can be 
performed but result in a 15-20 percent rate of unsatisfactory 
studies (prolonged or fragmented bolus dose). 

We designed a small disposable injector system* to allow 
injection of radionuclide solutions of small volume.? It consists 
of a one way valve injector connected to a scalp vein set with 
an inlet for a saline syringe and another for the radionuclide 
syringe. The injection is performed by initiating a flush of 
saline solution with one hand while holding the radionuclide 
syringe with the other. The radionuclide solution is then 
rapidly injected into the system without interrupting the sa- 
line flush (Fig. 1). A gamma scintillation camera views the 
passage of the radioactive bolus dose for approximately 30 
seconds. The adequacy of the dose is evaluated in the com- 
puter while the patient is under the gamma camera. 





* Paramedical Disposables Inc., Needham, Mass. 
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Data acquisition: Data are collected for 25 seconds in the 
computer,” which is on-line with the gamma camera‘ at 10 to 
20 frames/sec on a 64 by 64 (byte) matrix for qualitative an- 
giocardiography, shunt quantitation and calculation of ejec- 
tion fraction. A collection period of 5 minutes at a rate of 1 
frame/sec on the same matrix format is added for calculation 
of cardiac output. Images are usually displayed at a rate of 1 
or 2 frames/sec for visual evaluation (Fig. 2). Calculations of 
the ratio of pulmonary to systemic flow (Qp:Qs) and cardiac 
output are performed with curves integrated to the rate of 2 
frames/sec. Interpolating data on a finer matrix display (128 
by 128 or 256 by 256) improves structural definition. 

Data display and analysis: The first step in data analysis 
involves a visual evaluation on the computer oscilloscope of 
the series of images displayed at the rate of 2 frames/sec. Using 
an electronic “window” or “region of interest" mode, the op- 
erator selects areas over the cardiopulmonary structures from 
which time-activity curves can be generated. Since it is im- 
portant to obtain curves without contamination from adjacent 
structures, it is helpful to subtract one phase of the study from 
another as an aid in selecting the regions of interest. For ex- 
ample, in the quantitation of left to right shunts, the frames 
corresponding to both the dextro- and levophases are sub- 





* Gamma-11 (PDP 11/20) Digital Equipment Corporation, Maynard, 
Mass. 

t Pho/Gamma HP—Searle Radiographics, Chicago, Ill. or Radi- 
camera ll, General Electric, Westwood, Mass. 


NORMAL 


& 


FIGURE 2. Normal radionuclide 
angiocardiogram. Anterior projec- 
tion at 0.5 second intervals. The 
injection was performed in the right 
external jugular vein. The radioin- 
dicator is seen to circulate into the 
superior vena cava, right atrium (1.5 
seconds), right ventricle, pulmonary 
artery (2 and 2.5 seconds), lungs 
(2.5 to 5 seconds), left atrium, left 
ventricle and aorta (3.5 to 6 sec- 
onds). 


FIGURE 3. Right to left shunt at the ventricular level in a 
patient with tetralogy of Fallot and pulmonary atresia. 
Early appearance of radioactivity in the left ventricle and 
aorta (white arrow) is seen at 2 to 4 seconds. Ventricular 
shunting is confirmed at 4 to 6 seconds by the absence 
of radiotracer in the left atrium (central superior portion 
of the cardiac silhouette between the ventricles, black 
arrow), which fills with radioactivity after transit of the 
tracer through the lungs at 12 seconds. (Reproduced from 
Treves et al. with permission of the W. B. Saunders 
Co.) 


tracted from the frame of the pulmonary phase to be certain 
that only lung is being examined. Similarly, when trying te 
obtain curves from the right atrium and the right ventricle for 
localization of a shunt, it is important to avoid the levo- 
phase. 

Qualitative analysis: This includes visual evaluation of 
the series of images and of the various time-activity curves as 
the tracer passes through the cardiopulmonary structures 
(superior vena cava, right atrium, right ventricle, lungs, left 
atrium, left ventricle and aorta). Occlusion of the superior (or 
inferior) vena cava or other abnormalities can be detected as 
interruption of the normal flow of radionuclide and the 
presence of collateral circulation. Gross poststenotic dilatation 
of the pulmonary artery and the aorta can also be detected 
with radionuclide angiocardiography. Pericardial effusion or 
large pericardial tumors appear as a nonperfused area in the 
series of scintigraphs. Right to left shunts are detected from 
the early appearance of radioindicator in the left side of the 
heart and the aorta before or at the same time as in the pul- 
monary circulation. 'The level of right to left shunts can be 
assessed by focusing attention on the cardiac chambers and 
the aorta. For example, in tricuspid atresia, Ebstein’s anomaly, 
critical pulmonary stenosis and pulmonary atresia with intact 
ventricular septum, the tracer can be seen to flow through the 
right atrium and subsequently in the left atrium, left ventricle 
and the aorta. In right to left shunts at the ventricular level 
(tetralogy of Fallot, pulmonary atresia with ventricular septal 
defect, transposition of the great arteries with ventricular 


SECONDS 





SECONDS 





November 23, 1976 The American Journal of CARDIOLOGY Volume 38 713 


INUULLCAH MEVIUINE IN CUNGENITAL MEAKI VISEASE—IKEVES AND COLLINS-NAKAI 


septal defect and Eisenmenger's syndrome), the radioindi- 
cator appears in the right ventricle, then the left ventricle and 
aorta. Only after the radionuclide has circulated through the 
lungs and only if it has not been greatly diluted can it be 
visualized in the left atrium (Fig. 3). In patent ductus arteri- 
osus with right to left shunting, the tracer appears early in the 
aorta but not in the left ventricle.? 

Left to right shunting can be diagnosed from simple ob- 
servation of a series of scintigraphs.!?!! Characteristically, 
there is persistence of high pulmonary levels of radioactivity 








with poor or no visualization of the left side of the heart and 
the aorta at the expected times (Fig. 4). However, very small 
left to right shunts cannot be detected in this way. Visual 
evaluation of pulmonary time-activity curves aids in this di- 
agnosis. A normal pulmonary tracing (Fig. 5A) reveals no ac- 
tivity between the time of injection and appearance of the 
bolus dose within the lungs; a rapid upslope as the bolus dose 
enters the lungs; a peak as the maximal amount of activity is 
within the lungs; a nadir that does not reach the baseline; 
followed by another, less prominent, peak due to systemic 


FIGURE 4. Left to right shunt in atrial septal defect. There 
is evidence of pulmonary recirculation with poor visual- 
ization of all structures after the first transit. Note the lack 
of visualization of the left heart and aorta. (Reproduced 
from Treves et al.? with permission of the WB Saunders 
Co.) 


LE 
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FIGURE 5. Pulmonary dilution curves in normal heart (A) and left to right shunting (B). The downslope after the peak is interrupted (arrow) by early 


pulmonary recirculation of radionuclide through the shunt. 





FIGURE 6. Time-activity curves in partial anomalous pulmonary venous return (PAPVR) to the superior vena cava. A second peak of early recirculation 
can be seen first on the superior vena caval curve (arrow), then in the right atrium (d). 
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FIGURE 7. Time-activity curve in atrial septal defect (ASD). A second peak (left to right shunt) (arrow) is seen on the curve of the right atrium and 


ventricle (c). The pulmonary curve (d) also reveals early recirculation. 


recirculation. In left to right shunting (Fig. 5B), the downslope 
following the first peak is interrupted by early pulmonary 
recirculation of radionuclide through the shunt. This is fol- 
lowed by series of small, gradually indistinguishable peaks due 
to subsequent systemic and shunt recirculations.!!~!4 

A left-to-right shunt can be located by visually analyzing 
time-activity curves generated from the superior vena cava, 
right atrium, right ventricle and the lungs, thus defining the 
site of recirculation. Conditions for this are valve competence 
and the generation of “pure” curves (without contamination 
by radioactivity from adjacent structures). For example, in 
partial anomalous pulmonary venous return to the superior 
vena cava there is early recirculation in the superior vena cava, 
right atrium, right ventricle and lungs (Fig. 6), whereas in 
atrial septal defect (Fig. 7) there is early recirculation in the 
right atrium, ventricle and lungs. In ventricular septal defect 
there is early recirculation in the right ventricle and the lungs 
(Fig. 8). In patent ductus arteriosus there is early recirculation 
only in the lungs.9?:11.1»/6 Dynamic scintigraphy in patients 
with patent ductus arteriosus reveals clear definition of the 
left side of the heart and aorta in spite of early pulmonary 
recirculation (Fig. 9). If more than one shunt is present, it is 
possible to localize only the most proximal. 

Quantitative analysis: Quantification of left to right 
shunting is possible by numerical analysis of pulmonary 
time-activity curves. It has been shown that a gamma variate 
function well describes a single transit of indicator (without 
recirculation).!‘~*° If only a segment of an indicator curve is 
available, the gamma variate can be used to construct a 
complete single transit curve. We recently reported a method 
that utilizes gamma variate fit to the pulmonary curves and 
provides pulmonary to systemic flow ratio (Qp:Qs).!! 

The gamma variate function is fit to the initial portion of 
the pulmonary transit curve, that is, from a point 5 to 10 
percent of the peak activity on the upslope to a:point when the 
downslope does not decrease uniformly (Fig. 10a). The area 
under this curve (A;) is proportional to the pulmonary flood 
flow = Qp. If area A, is subtracted from the remainder of the 
pulmonary curve, another curve results (Fig. 10c), which 
represents the first early pulmonary recirculation due to the 
left to right shunt plus subsequent shunt and systemic recir- 
culations. 


Right Atrium 
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Right 
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FIGURE 8. Time-activity curves in ventricular septal defect. Top, curve 
generated from a region over the right atrium; it appears monophasic, 
Bottom, curve from the right ventricle; it shows a second small peak 
(arrow) corresponding to early right ventricular recirculation due to lefi 
to right shunting. 


A second gamma variate function is interpolated to the 
initial segment of the subtracted curve (Fig. 10) and another 
curve representing a single pulmonary transit is described. 
The area under this new curve (Av) is proportional to the first 
early pulmonary recirculation due to the shunt (Fig. 10d). If 
the shunt flow area (A5) is subtracted from the pulmonary flow 
area (A1) the value that results represents the systemic flow 
(A; — Ao = Qs). If now, A, is divided by A; — A», a pulmonary 
(Qp) to systemic flow (Qs) ratio results: 


Ai /(Ay T Ao) = Qp/Qs 


This method can accurately quantify left to right shunts when 
the pulmonary to systemic flow ratio is between 1.2 and 3.0. 
Shunts greater than 3.0 generally produce pulmonary curves 
which are difficult to analyze. Comparison of this method with 
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cardiac catheterization (oximetry, left ventricular angiography 
and hydrogen studies) revealed a close correlation.!! Analvsis 
-Of the curve is done in the computer and requires close inter- 
action of the observer to define segments of the curve to be 
"fit" and quality control of the “curve fits." When using the 
automatic computer algorithm in the fitting of the second or 
recirculation curve, we have occasionally recognized dif- 
ficulties, usually in the form of second curve overfitting and 
consequent overestimation of the shunt (Fig. 10, g and h). We 
recommend definition of the curve segments by trained per- 
sonnel or physicians for the first and second gamma variate 
fit as a solution to this problem. Clearly, fits as seen in Figure 
- 10, bottom, are unacceptable and should not be used in shunt 
quantification. 

Cardiac output can be calculated?! from a time-activity 
curve obtained from the heart; a semilogarithmic extrapola- 
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tion of the downslope of the left cardiac phase is used to de- 
termine the area under the curve (A). To correct for blood 
volume, it is necessary to collect information until the tracer 
(?*?m'Te human serum albumin) reaches equilibrium (e) within 
the blood pool. Total blood volume (TBV) must then be de- 
termined independently. The formula for cardiac output (CO) 
is therefore as follows: 


CO (ml/min) = (TBV X e)/A 


It is possible to calculate the amount of right to left 
shunting from intravenous injection of radiolabeled parti- 
cles?” such as ??n'Tc macroaggregates of human serum albumin 
or *"n'T'c microspheres of human serum albumin. Under nor- 
mal conditions, most of these particles lodge in the pulmonary 
capillaries and only 3 percent go through the lungs. In right 
to left shunting, a variable percentage of these particles will 


FIGURE 9. Patent ductus arteriosus 
(PDA). Top left, visualization of the 
superior vena cava, right atrium, 
right ventricle and pulmonary artery. 
Top center, visualization of part of 
the dextrophase and the pulmonary 
phase. Top right, clearly defined 
levophase and aorta in spite of 
pulmonary recirculation Bottom, 
time-activity curves from the right 
and the left lungs. Note the greater 
amount of early pulmonary recir- 
culation in the left as compared with 
the right lung in patent ductus arte- 
riosus. The estimated pulmonary to 
systemic flow ratio (Qp:Qs) is 1.6:1 
in the left lung and 1.2:1 in the right 
lung. 


tte 
t 


T] cr eee.’ 
Mes: ditte, 


| 

| 
UO | coc t* 
: | 





Op: Qs 


FIGURE 10. Calculation of pulmonary to systemic flow ratio (Qp:Qs) in left to right shunt. Gamma variate function fit is carried out over a segment of 
the pulmonary curve from a point about 5 to 10 percent of the peak on the upslope to a point on the downslope when decay is no longer monotonous 
(arrows in a) to define the first pulmonary transit, area A,(b). Area A, is subtracted from the remainder of the curve to obtain another curve representing 
the shunt and subsequent systemic and shunt transits (c). A segment of this curve is defined (arrows in c) and another gamma variate function is 
interpolated to define the first shunt flow area (area A» in d). The resulting ratio A,/(A4, — Az) = Qp:Qs. The segment defined includes the area from 
a point at 5 to 10 percent of the peak on the upslope to another point at or past the peak, if there is a small downslope. This part of the analysis 
is critical. It is necessary to obtain a close fit as seen in d. Second gamma variate fits, as seen in e and f, will cause underestimation of the shunt; 
fits as seen in g and h will cause overestimation of the shunt (the most frequent problem) and therefore must not be used for shunt calculations. 
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escape into the systemic circulation and lodge in the body 
organs with a distribution proportional to the regional parti- 
tion of cardiac output. If the amount of radioactivity within 
the lungs (Qp) is determined and compared with that in the 
total body (Qs), a pulmonary to systemic flow ratio can be 
obtained (Qp:Qs). Although this method has been used in 
several institutions with safety, there is always the potential 
risk of accidental embolization of a systemic organ. Another 
method of quantifying right to left shunts analyzes activity 
curves generated from the right and left ventricles.” However, 
measurements of peripheral oxygen saturation made at car- 
diac catheterization are adequate for determining the func- 
tional size of right to left shunting, and radionuclide methods 
are not routinely used. 

There are two major approaches to estimating left ven- 
tricular ejection fraction. One method uses ??m'Tc human 
serum albumin and electrocardiographically selected frames 
to portray end-diastolic and end-systolic images or multiple 
images throughout the cardiac cycle. This approach provides 
good spatial resolution and aids in detection of abnormalities 
of myocardial wall motion.?^ It can also serve to construct 
time-activity curves depicting changes in intracardiac volume. 
A second method relies on data obtained from the first transit 
of radionuclides through the left side of the heart.2° With 
appropriately rapid frame rates (20 frames/sec), it is possible 
to define systole and diastole without electrocardiographic 
control (Fig. 11). Images for end-systole and end-diastole can 
be created by adding several systolic and diastolic frames 
during the first transit of indicator (Fig. 12), and the ejection 
fraction can be measured. 

At present, radionuclide methods for measurements of 
cardiac output, right to left shunting and ejection fraction 
have not yet found a place in the evaluation of congenital heart 
disease, although this is likely to follow in the wake of their 
widespread application in patients with coronary heart dis- 
ease. 


Clinical Applications 
Evaluation of the Newborn 


Determining the origin of cyanosis in newborn infants 
is important in treatment. Radionuclide angiocardi- 
ography can aid in differentiating cardiac from pul- 
monary causes of cyanosis. In pulmonary disorders, the 
radionuclide angiocardiogram may appear normal al- 
though in cases of increased pulmonary vascular resis- 
tance it may show evidence of right to left shunting 
through a patent foramen ovale, a patent ductus arte- 
riosus, or both. 

Patent ductus arteriosus frequently coexists with 
prematurity and respiratory distress syndrome in the 
neonate and presents a complex problem in differen- 
tiating cardiac and pulmonary disease. To date, no 
quantitative methods are available to differentiate be- 
tween pulmonary and cardiac factors contributing to 
the respiratory distress syndrome in these infants and 
no uniform guidelines have been established as to op- 
timal time for surgical interruption of a patent ductus 
arteriosus, if present. The availability of portable 
gamma cameras has allowed quantitative measurement 
of the shunting through a patent ductus arteriosus and 
may prove useful in the pre- and postoperative evalu- 
ation and management of these infants. Newborn in- 
fants with cyanosis due to cardiac disease but without 
pulmonary disease can also be evaluated with radio- 
nuclide angiocardiography. For example, in transposi- 
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FIGURE 11. Changes in left intraventricular activity during the fir: 
pass of radioindicator. Top, curve obtained from a region of intere: 
over the left ventricle at a rate of 20 points per second during the fir: 
transit of tracer in a normal subject. Note the oscillations correspondin 
to end-diastole and end-systole. With adequate definition of the le 
ventricular outline, it is possible to calculate ejection fraction for eac 
single heartbeat. Bottom, same curve after filtration of high frequenc 
data using a Fast Fourier Transform (FFT). Note how clearly defined th 
oscillations become. 


tion of the great arteries or a large right to left shur 
with severe pulmonary stenosis, the radionuclide ag 
pears promptly in the aorta before it appears in th 
lungs (Fig. 13). 


Evaluation of the Patient With a Cardiac Murmur 


In certain patients, it is difficult to determine th 
cause of a murmur. For example, in both atrial sept: 
defect and pulmonary stenosis there may be wid 
splitting of the second heart sound with little respirator 
variation, and there may be a systolic ejection murmu 
Evidence of right ventricular hypertrophy in the ele 
trocardiogram and of pulmonary arterial enlargemer 
in the chest X-ray film may be present in both lesion 
The presence and magnitude of a left to right shunt ca 
be firmly established with radionuclide angiocard 
ography, thus allowing a clinical determination r« 
garding the need for surgical closure of the defe 
without cardiac catheterization. In fact, estimation « 
shunt size with radionuclide angiocardiography may E 
more accurate in atrial septal defect than estimatio 
with oximetry since no true mixed venous sample : 
available in patients with atrial septal defect. 

The numerical data can also be used to differentiat 
between intracardiac and extracardiac shunts such 2 
patent ductus arteriosus. In patent ductus arteriosu: 
the distribution of blood flow in the pulmonar 
branches is asymmetric and usually favors the left lun; 
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FIGURE 12. End-diastolic (left) and end-systolic (right) images in a normal 6 year old boy. Each image is composed of the sum of multiple points at 
end-diastole and end-systole during the first transit of radionuclide (see Fig. 11). The frames of the superior vena cava, right atrium and right ventricle 
were subtracted. Note the obvious difference between the end-systolic and end-diastolic outlines of the left ventricle and the apparent aortic ‘‘filling’’ 
during end-systole. With the aid of the computer, areas over the end-diastolic and end-systolic images can be constructed precisely and counted 
to calculate left ventricular ejection fraction = end-diastolic counts minus (end-systolic counts/end-diastolic counts). 


| 40 
SECONDS 


FIGURE 13. Transposition of the great arteries. Anterior radionuclide angiocardiogram obtained in a 4 day old infant. The bolus injection of radionuclide 
was given in the right jugular vein. The tracer is seen as it circulates through the superior vena cava into the right heart (0.5 and 1.0 second); the 
ascending aorta is visualized at 1.0 and 1.5 seconds and the descending aorta can be seen at 2.0 and 3.0 seconds. Note the very minimal or absent 
radioactivity within the lungs or in the left heart. (Reproduced from Treves et al.? with permission of WB Saunders Co.) 





4.5 


SECONDS 
FIGURE 14. Mustard procedure. The radiotracer circulates in the superior vena cava (0.5 second), atrial baffle, left ventricle (1.0 and 1.5 seconds), 


pulmonary artery (2.0 and 2.5 seconds), lungs (2.0 to 4.5 seconds), common atrium (4.0 seconds), right ventricle and aorta (4.5 to 5.5 seconds). 
Note the absence of residual shunting or occlusion and the clear definition of the right ventricle and aorta. 
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FIGURE 15. Total superior vena caval obstruction after Mustard operation. The occlusion was at the atrial baffle level. The radiotracer circulate 
in the superior vena cava (arrow at 1 second), but instead of going into the baffle and the left ventricle, it circulates well below the diaphragm 1 
return by way of the inferior vena cava (1.5 second arrow), into the atrial baffle (2.5 second arrow), then into the left ventricle (3 seconds), pulmonal 
artery (3.5 seconds), lungs (3.5 to 4 seconds), common atrium, right ventricle and aorta (4.5 to 6 seconds). There is minimal or no residual shun 


ing. 


A different pulmonary to systemic flow ratio should be 
calculated for each lung in these instances (Fig. 7). 

Measurement of the size of the shunt is useful in 
managing of patients with ventricular septal defect. 
Although the type of murmur and the electrocardio- 
graphic and chest X-ray data may permit one to ap- 
proximate the size of the shunt, radionuclide angio- 
cardiography provides valuable quantitative informa- 
tion that contributes to clinical management. A small 
ventricular septal defect in the presence of normal 
pulmonary arterial pressures as assessed at cardiac 
catheterization may undergo spontaneous closure, and 
this fact can be documented with radionuclide angio- 
cardiography. Preoperative cardiac catheterization is 
necessary to determine the number and location of the 
defects and to assess pulmonary arterial pressures in 
any patient with a large atrial or ventricular septal de- 
fect. 


Evaluation of the Postoperative Patient 


Persistent murmurs or the appearance of a new 
murmur postoperatively may imply residual lesions, 
detachment of the patch or valve abnormalities. In such 
cases, radionuclide angiocardiography allows rapid, safe 
and accurate detection and quantitation of any residual 
shunt. Reoperation can be carried out without prior 
cardiac catheterization if a large shunt is demonstrated 
with radionuclide angiocardiography. 

Recently, total correction of transposition of the great 
arteries has been performed early in life with use of the 
Mustard operation. Radionuclide angiocardiography 
can assist in the early and late postoperative evaluation. 
A successful Mustard procedure provides a character- 
istic angiocardiographic pattern (Fig. 14). Complica- 
tions of the Mustard procedure recognized with radio- 
nuclide angiocardiography include residual shunting 
through the atrial baffle, which can occur early or late 
in the postoperative period. Obstruction of the atrial 
baffle in either pulmonary or systemic circuits can be 
demonstrated rather dramatically with radionuclide 
angiocardiography (Fig. 15). 
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FIGURE 16. Pulmonary time-activity curves in Waterston anastomosi 
There is greater amount of early pulmonary recirculation in the rig 
than in the left lung because of the shunt. 





Patency or occlusion of palliative shunts (Blalock 
Taussig, Potts, Waterston) can be demonstrated in v; 
sual evaluation of pulmonary dilution curves. The curv 
obtained over the lung on the side of the anastomosi 
reflects a larger early pulmonary recirculation than the 
of the contralateral lung when the anastomosis is pater 
(Fig. 16). 
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Future Developments 

Radionuclide angiocardiography is useful in evalu- 
iting patients with known or suspected congenital heart 
lisease. It is relatively simple to perform, requiring only 
in intravenous injection of a radionuclide followed by 
erial imaging with a gamma camera. Both anatomic 
ind quantitative physiologic data can be obtained. In 
elected instances radionuclide angiocardiography can 
ye an alternative to cardiac catheterization. Its full di- 
ignostic potential has not yet been reached. Of course, 
t does not provide the precise anatomic detail of con- 
rentional contrast angiography and cannot provide 
nformation on pressures or oxygen saturation data 


FIGURE 17. lridium-191m (t 1/2 = 4.9 sec.) 
radionuclide angiocardiograms. Anterior (ANT) 
and left anterior oblique (LAO) projections 
obtained in a rhesus monkey. Eighteen mCi of 
'2'™lr was delivered into a right antecubital 
vein. It is possible to follow the radiotracer 
through the superior vena cava (SVC), right 
atrium (RA), right ventricle (RV), pulmonary 
artery (PA), right (RL) and left (LL) lungs (L), left 
atrium (LA), left ventricle (LV) and aorta (A). 
These two projections were obtained within 
seconds of each other. 


"ys FIGURE 18. lridium-191m pulmo- 

x nary time-activity curve in a rhesus 
monkey. The uncorrected data are 
| wl, seen on the left. Note the rapid 
physical decay of the '?'™Ir. After 
correction for radioactive decay, a 
gamma variate fit was possible for 
estimation of pulmonary to systemic 
flow ratio (Qp:Qs), which. in this 
case was 1.0. 


obtained during cardiac catheterization. Improvements 
in spatial resolution of imaging devices would certainly 
improve the quality of radionuclide angiocardiography. 
The development of magnifying collimators designed 
for premature and small infants would improve the 
overall spatial resolution of present gamma scintillation 
cameras, but these are not yet available. The converging 
collimators now available are inadequate for the study 
of small children. 

An important use of radionuclide angiocardiography 
is in the evaluation of newborn infants and patients 
during the early postoperative period. Often these pa- 
tients are too ill to be taken to nuclear medicine facilities 
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and consequently it is not generally possible to take 
advantage of the diagnostic potential of radionuclide 
angiocardiography. Newer mobile (portable) scintilla- 
tion cameras permit the performance of radionuclide 
angiocardiography in these patients. 

Another problem is the radionuclide used today in 
radionuclide angiocardiography. Although techne- 
tium-99m emits a gamma ray with an energy suitable 
for external detection with gamma cameras, its physical 
half-life is too long. This usually limits the study to a 
single injection and a single projection. If multiple 
projections and injections are necessary for diagnosis, 
the background radioactivity from the previous injec- 
tion often results in images of poorer quality and dis- 
torted quantitative information. In addition, the patient 
continues to receive radiation for a longer period of time 
than is necessary for completion of the study (25 sec- 
onds). Ultrashort-lived radionuclides are a potential 
solution to these problems and, when readily available, 
should improve the quality of the diagnostic informa- 
tion from certain cardiovascular nuclear medicine 
studies. With such ultrashort-lived radionuclides, 
multiple projections could be obtained without unde- 
sirable background activity. In addition, the radiation 
exposure to the patient would be several hundred less 
than that of technetium-99m. We have been recently 
working with an osmium-191 — iridium-191m radio- 
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nuclide generator.26 Osmium-191 has a physical half- life 
of 15.3 days and decays to iridium-191m (half-life 44 
seconds), which emits a 129 kiloelectron volt gamma ray 
Although its physical half-life is extremely short, irid: 
ium-191m might be suitable for evaluating small chil 
dren whose circulation time is rapid. Figure 17 shows 
two radionuclide angiocardiograms (anterior and lef 
anterior oblique) obtained in a rhesus monkey after thi 
intravenous injection of iridium-191m. With enougl 
radioactivity and appropriate decay corrections, it i 
possible to handle time-activity curves derived from the 
heart and lungs (Fig. 18). 5 

Looking at what has already been accomplished, wi 
can only conclude that the future of radioactive tracer 
in the care of patients with congenital heart disease i 
bright indeed. 1 
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nical Appraisal of Current Nuclear and Other 
oninvasive Cardiac Diagnostic Techniques 


At a time of rapid increases in the cost of medical care and the application 
of complex invasive procedures to cardiovascular diagnosis, the use of 
noninvasive methods has aroused interest. This report discusses the 
usefulness and limitations of various noninvasive diagnostic methods 
including nuclear medicine techniques, echocardiography, exercise 
electrocardiography and determination of systolic time intervals. Emphasis 
is placed on the applicability of these methods to specific disease pro- 
cesses (such as ischemic heart disease, cardiac valve disease, pulmonary 
embolic disease), their relative merits, future potential and present 
shortcomings. 


During the past decade, a variety of noninvasive cardiac diagnostic 
techniques have been introduced and are receiving increasing attention 
and acceptance. Interest in these procedures has been aroused by their 
ease of application, ability to provide meaningful results, repeatability, 
relative lack of expense and high degree of patient safety. 

At a time of geometrically escalating costs of medical care and in- 
creasing awareness of the limitations of our resources, it is particularly 
important to have available noninvasive low risk inexpensive testing 
procedures for selecting patients who require or will significantly benefit 
from more costly invasive diagnostic and therapeutic procedures. If 
noninvasive techniques can provide adequate objective evidence that 
a person has no or only minimal cardiac disease, the savings realized 
through avoidance of further hospitalization for invasive diagnostic 
studies and absence from work would be considerable. 

Noninvasive tests also have appeal to the referring physician provided 
he can feel assured that such procedures will yield important diagnoses 
with virtually no risk to the patient. Consequently, in applying these , 
noninvasive procedures, we must carefully consider their usefulness in 
patient care as well as their inherent sensitivity and specificity as diag- 
nostic tests. Unless the physician is aware of the diagnostic accuracy of 
each noninvasive test, he cannot justify the use of such testing simply 
because it is noninvasive. At times, a well chosen invasive investigation, 
even at some risk, may be preferable to a noninvasive “fishing expedi- 
tion." 

We have tried to highlight the developments in noninvasive diagnostic 
techniques over the past decade, emphasizing particularly their appli- 
cation to major problems in clinical cardiology. We have stressed the 
current usefulness and limitations of such procedures and their potential 
for solving problems in cardiovascular disease. Finally, we fully appre- 
ciate the clinical importance of older techniques such as the resting 
electrocardiogram and chest X-ray film. The value of these procedures 
to cardiovascular diagnosis has clearly been established and need not 
be considered here. 
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Ischemic Heart Disease 
Myocardial Infarction 


A striking development in the past several years has 
been the ability to delineate acutely infarcted myocar- 
dium with radioactive tracers. Utilizing technetium- 
99m stannous pyrophosphate, Bonte and Parkey et al.'? 
have shown a high correlation between acute myocardial 
infarction confirmed by electrocardiographic changes 
and serum enzyme studies and the appearance of a ra- 
dioisotopic “hot spot" within the involved region 3 to 
5 days after the acute event. McLaughlin et al.? found 
similar positive results up to 20 days after acute 
transmural infarction. With ®Tc tetracycline, Holman 
et al.4 showed an excellent correlation of abnormal and 
normal myocardial scans with the presence or absence 
of documented myocardial infarction. They found peak 
activity within the heart 1 to 3 days after the clinical 
onset of chest pain. The scintigraphic site of the infarct 
correlated grossly with maximal serum creatine phos- 
phokinase (CPK) activity in 16 patients. The method 
appears to be valuable for the recognition of acute 
myocardial infarction although more experience is 
needed to reach a consensus as to its sensitivity and 
specificity. 

Diagnostic value: To the clinical cardiologist, the 
majority of patients presenting with acute myocardial 
infarction do not represent a diagnostic problem. Thus, 
the routine application of nuclear imaging of the zone 
of infarcted myocardium is not necessary for the proper 
care of most patients with this condition. However, this 
technique may be extremely helpful in certain circum- 
stances. For example, the incidence of myocardial in- 
farction after coronary bypass surgery has been reported 
to range between 5 and 40 percent. Under these cir- 
cumstances, the development of a diagnostic “hot spot" 
may allow more objective assessment of myocardial 
damage in a setting in which electrocardiographic S-T 
and T wave changes and routine serum enzyme levels 
can yield confusing results.9? This technique should also 
prove helpful in diagnosing recurrent acute infarction 
in patients with preexisting Q wave abnormalities. 
Similarly, the test may be helpful in patients who are 
comatose or confused (due to trauma or alcoholism for 
example), and have nonspecific electrocardiographic 
and enzyme abnormalities for reasons other than acute 
infarction. 

Assessing infarct size: An exciting aspect of the 
ability to radiolabel the infarcted myocardium is the 
concept that this method is qualitatively different from 
the traditional approaches of recognizing myocardial 
infarction in the living patient. Because in-hospital 
survival of the majority of patients with acute myocar- 
dial infarction appears to relate to the amount of dam- 
aged myocardium,’ radiolabeling potentially affords 
the opportunity to derive quantitative assessment of the 
amount of injured tissue. This could provide an addi- 
tional approach to the problem of infarct sizing, which 
is currently under intense investigation with other 
noninvasive studies such as serial CPK determinations 
and precordial S-T segment elevation mapping.!?-!? 
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Whether this approach will yield additional meaningfu 
information in a quantitative sense will be the subject 
of intensive clinical study over the next few years, ir 
view of the current interest in therapeutic procedure: 
that may modify the extent of damage to the acutely 
infarcted myocardium. ; 
1 
Diagnosis of Coronary Artery Disease 
Assessing atypical chest pain: Considerably mo 
troublesome than recognizing acute myocardial in 
farction is the problem of diagnosing coronary arter) 
disease in patients with recurrent chest pain. Thi 
specificity of the syndrome of “classic” angina pectori: 
leaves little room for improvement with noninvasiy 
diagnostic tests. ^!* Nevertheless, many patients i 
recurrent chest pain with one or more atypical fea 
tures!?; in this group it is often difficult to establish al 
objective diagnosis of ischemic heart disease withou 
performing coronary arteriography. 
Electrocardiographic exercise testing: During the 
past 5 years, there has been renewed interest in exercist 
tests, particularly tests using graded protocols on : 
bicycle or treadmill to diagnose ischemic heart disease 
'The diagnosis is based on the appearance of 1 mma 
more of horizontal or downsloping (“ischemic”) S 
segment depression during or immediately after exer 
cise.! The method has been clearly helpful in sepa 
ing patient populations with and without significar 
coronary artery disease, particularly in view of long 
term prognosis, but its ability to indicate the presenc 
of coronary disease in an individual patient has been les: 
striking.!® It has long been recognized!’ that as the de 
gree of S- T segment depression increases to 2 or mort 
mm, the test becomes considerably more specific bu 
simultaneously less sensitive. Several reports!6.18-7 
correlating the results of exercise testing with coronary 
angiographic studies have yielded widely variable sen 
sitivity and specificity levels for the procedure. 'Tht 
disparities appear to stem in part from the nature of th 
groups studied. Thus, in asymptomatic patients selectec 
for angiography on the basis of a positive exercise tes 
there is considerably less specificity than in patient: 
with classic angina who are studied similarly.!9:?? False 
positive tests often lead to coronary angiography 
Properly executed, the risk of coronary arteriography 
is minimal and considerably outweighed by the reas 
suring evidence of a normal coronary circulation. Mor 
disturbing are independent reports of false negative 
electrocardiographic exercise tests in more than one hal 
to two thirds of patients with arteriographically sig 
nificant coronary lesions.!9?4 As a consequence, so 
investigators!9 have seriously questioned the diagnostic 
application of exercise testing to the clinical problen 
of ischemic heart disease. Certainly the procedure o 
exercise testing in search of ischemic S-T segment de 
pression is an imperfect method for examining a large 
number of patients, particularly in view of the widt 
prevalence of coronary artery disease. 
Myocardial perfusion imaging during exercise 
testing: It is in this context that recent studies by Zarel 
et al.?»26 using the isotope potassium-43 have attracted 
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reat interest. By injecting this tracer during exercise 
ato patients with angina pectoris, they have shown the 
ick of uptake of the tracer in areas of the heart supplied 
y severely obstructed coronary arteries. These initial 
tudies raised the possibility of localizing ischemic areas 
f myocardium on the basis of failure of uptake of a 
adiolabel in involved muscle. The method has great 
peal because of its potential ability to quantify isch- 
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nic areas of myocardium. 












ES of Zaret et al. in oca] ischemic zones 
ith this method. More recent experience in several 


D. E iénndtive or supplemental method of measuring 
ET segment shifts. Despite its limitations, particularly 
ith S-T segment depression of 1 mm, exercise elec- 
'ocardiography currently appears to be the most 
| E available noninvasive means of objectively 


ne face of a history of “classic” angina pectoris, how- 
ver, a negative exercise test must be regarded with 
onsiderable skepticism, and a thallium-201 study 
‘ould seem indicated. 

The presence of coronary artery disease can also be 
if erred from detection of localized abnormalities of 
ontraction. Such abnormally contracting segments are 
lo it prevalent in the distribution of significant coro- 
ary arterial lesions. 









Assessment of Ventricular Function 


In the past 5 years, several noninvasive techniques 
ave been advocated to reflect left ventricular perfor- 
ance. These techniques include determination of 
stolic time intervals, echocardiography and imaging 
the systolic and diastolic left ventricular chamber 
th radioactive tracers. 

Systolic time intervals: The determination of sys- 
lic time intervals is a completely noninvasive proce- 
ure and rapid and simple to perform.?5-? However, the 
echnique is not widely used to assess ventricular 
anction. In part, this is a result of the extensive eval- 
ations of the technique in the setting of acute myo- 
ardial infarction.?!-?? In this situation, the hemody- 
amic variables upon which the values of preejection 
eriod and left ventricular ejection time depend are 
ten rapidly and acutely changing in opposite direc- 
E. SO that Asp e in the intervals are not useful in 














Ets ventricular function in homogeneous patient 
roups. The technique is also further limited by its de- 
endence on the presence of normal intraventricular 
onduction and sinus rhythm.?? 
Echocardiography: Measurements made with this 
chnique have been shown to correlate with ventricular 
]umes and ejection fraction determined by invasive 
tudies. 36-38 However, the wisdom of predicting ven- 
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tricular function in individual patients on the basis of 
transverse dimensional measurement of the left ven- 
tricle has been criticized.?? The difficulties are partic- 
ularly evident in coronary artery disease wherein lo- 
calized disorders of left ventricular contractility can 
alter chamber dimensions in either direction depending 
on whether a hypocontractile or hypercontractile area 
of the ventricle is traversed by the echocardiographic 
beam. Nevertheless, the echocardiographic approach 
appears to have considerable potential for rapid non- 
invasive overall assessment of left ventricular function. 
The results of recent studies of Teichholz et al.*? accu- 
rately predicting ejection fraction using the B scan 
technique support this contention. With the develop- 
ment of multiscan and sector scan approaches to the left 
ventricle, echocardiography may eventually prove to be 
the most practical and quickest means of assessing left 
ventricular function.^4! 4? 

Ventricular nuclear imaging: Utilizing the gamma 
camera and electrocardiographic gating, radionuclide 
evaluation of left ventricular function currently appears 
to be the best noninvasive means of approximating 
angiographic evaluation of left ventricular performance. 
Because the radioactive tracer technique can yield 
multiprojection planar images of the left ventricle 
throughout the cardiac cycle, this approach appears to 
be theoretically sound. Several independent studies*?-4? 
have shown correlation coefficients of 0.9 or better for 
ejection fractions obtained with nuclear imaging and 
angiography. Thus the radionuclide technique appears 
to offer 80 to 90 percent accuracy in predicting left 
ventricular ejection fraction. 

The imaging achieved with nuclear techniques cannot 
be compared with the resolution obtainable with an- 
giocardiographic evaluation of the left ventricle. In 
particular, the margins of the left ventricular cavity and 
areas of transition between poorly and normally func- 
tioning segments of ventricular myocardium are poorly 
resolved. To those versed in the traditional angiographic 
evaluation of left ventricular performance, a procedure 
required by most surgeons today, radionuclide evalua- 
tion of left ventricular contractility is suboptimal. 
However, such evaluation appears able to distinguish 
patients with grossly poor ventricular function (ejection 
fraction less than 30 percent) from those with fair or 
good overall ventricular function. In this regard the 
radionuclide approach should receive greater attention. 
There is general agreement that preoperative assess- 
ment of left ventricular performance provides a mean- 
ingful index of the likelihood of survival after coronary 
bypass surgery.?:46-45 In view of the increasing readiness 
to perform coronary angiography and bypass surgery 
to relieve angina pectoris, it may be worthwhile to use 
the nuclear approach for initial evaluation of ventricular 
performance. In those with definitely poor ventricular 
function, it would be reasonable to defer consideration 
of angiography and surgery until the results of intensive 
medical therapy are known. 

. Radionuclide imaging of the left ventricle also makes 
possible evaluation of segmental left ventricular dys- 
function. Detection of abnormally contracting segments 
can provide an important clue to the presence of coro- 
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nary artery disease.*? Because the resolution of image 
is not ideal, the method is probably less sensitive for this 
purpose than for evaluating overall ventricular function. 
However, it appears to be the best noninvasive means 
of recognizing ventricular aneurysms, to which more 
conventional techniques are relatively insensitive.^? 


Cardiac Valve Disease 


'The clinical recognition of cardiac valve disease is less 
difficult than the recognition of coronary artery disease 
because physical examination usually gives important 
clues to the lesions present. In this condition, nuclear 
techniques have been less helpful than echocardiogra- 
phy or phonocardiography and pulse recordings for 
producing objective evidence of the presence and se- 
verity of a specific valve disorder. 


Echocardiography 


Hypertrophic subaortic stenosis: Echocardiogra- 
phy has been particularly useful in the recognition of 
the obstructive form of idiopathic hypertrophic sub- 
aortic stenosis, for which the systolic anterior motion 
of the anterior mitral leaflet apposing a hypertrophied 
ventricular septum is considered pathognomonic.?!-?? 
The proximity of the anterior mitral leaflet to the in- 
terventricular septum at the onset of systole also dis- 
tinguishes most patients with the obstructive from those 
with the nonobstructive form of the disease.°* Echo- 
cardiography has allowed a further appreciation of the 
spectrum of this disease since it has been shown that 
many relatives of patients with the obstructive form 
have asymmetric septal hypertrophy.?? In fact, asym- 
metric septal hypertrophy appears to be the funda- 
mental pathologic abnormality in both obstructive and 
nonobstructive forms of the disease.5957 More impor- 
tant, this lesion, which can be confused with mitral re- 
gurgitation, ventricular septal defect or even aortic 
stenosis, can objectively be defined without the need of 
cardiac catheterization. In many centers cardiac cath- 
eterization is no longer routinely performed in patients 
when this diagnosis can be confirmed by echocardi- 
ographic findings. 

Mitral stenosis: The presence of mitral stenosis can 
usually be objectively confirmed echocardiographically 
with a specificity that approaches 100 percent. Although 
parallel anterior diastolic motion of the anterior and 
posterior leaflets of the mitral valve is not present in 
every case of mitral stenosis, considerably more than 90 
percent of patients have this finding.?5-9? 

Although the presence of mitral stenosis is confirmed 
relatively easily with echocardiography, its severity is 
somewhat difficult to determine by the single beam 
technique. There have been no published prospective 
series evaluating the accuracy of M mode scans in 
grading the severity of mitral stenosis. There is con- 
siderable variability of the E-F slope and other indica- 
tors of anterior leaflet motion in relation to severity.5! 
With the single beam technique, it has been reported 
recently that leaflet separation correlated with mitral 
valve area with a correlation coefficient of 0.81.9? Al- 
though this measurement was superior to the E-F slope, 
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the method still accounts for only 66 percent of the 
variability of mitral valve stenosis in the group stud- 
ied. | 

Using a sector scanner in the transverse position, 
Henry et al.® have shown that it is possible to visualize 
directly the mitral valve orifice. This approach appears 
to offer great promise as a sensitive noninvasive way of 
predicting accurately the severity of mitral stenosis. _ 

Aortic stenosis: Echocardiography is less helpful in 
defining the presence of other left-sided cardiac valve 
disease. Dense additional echoes within the aortic root 
in the area of the aortic leaflets favor the presence of 
aortic stenosis but the severity of the stenosis cannot be 
determined from this finding alone.9*6? The additional 
presence of concentric left ventricular hypertrophy 
strongly favors a severe degree of obstruction at the 
aortic valve. 5 

Simultaneous pulse tracings and phonocardiogra- 
phy can provide objective confirmation of severe aortic 
stenosis. In the absence of heart failure, the left ven- 
tricular ejection time is usually prolonged, the carotid 
upstroke slowed and the peak of the basal ejection 
murmur delayed.959-65 When these three findings were 
combined, Bonner et al.®7 reported a 96 percent speci- 
ficity for the presence of severe aortic stenosis. The 
presence of only one of these findings usually indicates 
severe stenosis but by itself is usually not sensitive 
enough to identify all patients with severe aortic ob- 
struction. i 

Aortic regurgitation: Mitral and aortic regurgiti 
tion can also be recognized with echocardiography but 
severity must once again be inferred from associated 
findings. High frequency diastolic vibration of the an- 
terior mitral leaflet is commonly present in all degrees 
of aortic regurgitation.9? In acute severe aortic regur- 
gitation, early coaptation of the anterior and posterior 
mitral leaflets indicating premature mitral closure is a 
highly reliable sign of wide open regurgitation./?7* 
However, because this is not the most common form of 
aortic insufficiency encountered clinically, the sign is 
of limited value. In chronic aortic regurgitation, the 
amount of left ventricular dilatation determined from 
the left ventricular internal diastolic dimension provides 
an index to the severity of the regurgitant lesion.  - 

Mitral regurgitation: Mitral incompetence may or 
may not be directly recognized from the echocardi- 
ographic pattern of mitral leaflet motion, depending on 
the specific form of regurgitation present. Echocardi- 
ography has provided anatomic confirmation of la à 
systolic prolapse of either or both mitral leaflets in the 
systolic click-murmur syndrome and has demonstrated 
flail leaflets in cases of ruptured chordae tendineae.7?-78 
Although echocardiography has shown that mitral valve 
prolapse is more prevalent than previously appreciated, 
such prolapse is not found in the majority of patients 
with mitral regurgitation; moreover, the severity of re- 
gurgitation can only be inferred from the presence of 
combined left atrial and left ventricular dilatation./5 | 

In summary, echocardiography is extremely helpful 
in placing our assessment of cardiac valve disease on a 
more objective basis without the need for invasive 
studies. It would appear possible to avoid cardiac 
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'atheterization in patients with evidence of idiopathic 
1ypertrophic subaortic stenosis unless they are clearly 

responsive to medical management. Similarly, there 

hope that with more prospective studies and refine- 
nent of planar imaging techniques the severity of mitral 
itenosis will be accurately predicted, thus avoiding the 
ieed for cardiac catheterization completely or at least 
ntil the presence of moderately severe stenosis is 
ontimed Further refinements in echocardiographic 

olution and its systematic application in controlled 
»rospective studies will be needed before the severity 
f aortic stenosis can be assessed accurately in large 
jatient populations. Similarly, more specific criteria 
nust be established for the assessment of regurgitant 
ind combined valve lesions. 








"Pulmonary Embolic Disease (Lung Scanning) 


1 The lungs lend themselves well to study of regional 
unction with radioactive tracer techniques. Indeed, the 
practice of pulmonary scanning is one of the well es- 
ablished areas where definitive action is often taken 
im the basis of the results of radionuclide 
maging. 79-9! 
False negative lung scan: Several studies, including 
he Urokinase Pulmonary Embolism Trial, have shown 
at a normal lung scan makes it very likely (probability 
ose to 100 percent) that no pulmonary embolism is 
ent.5!-5? Theoretically, a large proximal embolus 
m main pulmonary artery may affect equally the 
ional pulmonary circulation and hence yield a false 
egative scan. In practice, this has not been observed. 
1 the Urokinase Pulmonary Embolism Trial, there 
iere 10 patients with a large proximal embolus in the 
E. pulmonary artery; no lung scan was falsely nega- 
ive. 83 In this setting the estimation of perfusion deficit 
yy scanning was usually less than expected on the basis 
f the angiographic finding. 
Specificity of positive lung scan: Abnormal lung 
cans are more problematical since all pulmonary dis- 
'ases can lead to abnormal scans. How specific is lung 
icanning in diagnosing pulmonary embolism? 'This 
E- can be examined in the following manner: 
Tirst, patterns of perfusion as shown in lung scans in the 
rarious pulmonary diseases have certain characteris- 
ics, 84-89 such as peripheral concave defects in pulmo- 
ry embolism, redistribution of blood flow in pulmo- 
ary venous hypertension and the fissure sign in con- 
festive failure. Second, the diagnostic specificity of lung 
‘canning is enhanced by a chest roentgenogram per- 
ormed in conjunction with the scan. A concave pe- 
ipheral perfusion defect in the presence of a normal 
thest roentgenogram is most likely due to pulmonary 
mbolism. In a recent study” in which the scan perfu- 
iion defects were classified according to high or low 
robability of having been caused by pulmonary em- 
lism, interpretations indicating embolism were con- 
irmed by angiogram in 75 percent of cases. When the 
ican interpretation was normal, the angiogram was also 
iormal. Third, in combination with the xenon-133 
ventilation study, an abnormal lung scan in the presence 
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of a normal ventilation study is virtually diagnostic of 
pulmonary embolism. On the other hand, in a patient 
with an abnormal perfusion lung scan and matchingly 
abnormal ventilation study, pulmonary embolism is less 
likely but cannot be absolutely excluded.9?-9?? There 


may be underlying disease such as chronic obstructive 


lung disease not apparent in the plain chest X-ray 
film. 

More recent data also suggest that in patients with 
suspected pulmonary embolism who have an abnormal 
perfusion scan and evidence of deep leg vein thrombosis 
documented noninvasively with electrical impedance 
plethysmography, there is a 90 percent probability that 
they have acute pulmonary embolism.?? 

Diagnostic specificity: In virtually all patients, 
normal perfusion lung scan excludes pulmonary em- 
bolism, and no further pursuit of the diagnosis is re- 
quired. Similarly, in patients who have an abnormal 
scan and objective confirmation of phlebitis, particu- 
larly in the absence of roentgenographic findings of 
chronic lung disease, the probability is greater than 90 
percent that they have acute pulmonary embolism. 
When a xenon-133 ventilation study is available, diag- 
nostic specificity may increase. With these factors in 
mind, it is possible now to limit the application of pul- 
monary angiography to patients who do not meet these 
criteria or who have coexisting pulmonary embolism 
and chronic obstructive lung disease. 


Congenital Heart Disease 


Both nuclear techniques and echocardiography can 
be used to detect many congenital heart lesions. A de- 
tailed description of these applications is given in an- 
other article in this series?4; some general principles will 
be outlined here. 

Nuclear techniques: These have been used suc- 
cessfully to detect intracardiac shunts. After intrave- 
nous injection of a radionuclide the early appearance 
of radioactivity in a detector located over the systemic 
circulation indicates the presence of a right to left shunt. 
For this purpose, many prefer to use substances com- 
pletely excreted or trapped by the lung, such as ra- 
dioactive xenon or microspheres. The appearance of 
radioactivity in the systemic circulation shortly after 
intravenous injection indicates a significant right to left 
intracardiac shunt.9596 Similarly, early reappearance 
of radioactivity in the selectively monitored lung 
suggests left to right shunting.97.98 

Nuclear angiocardiograms can aid considerably in 
the definition of selective cardiac chamber enlargement 
as well as the recognition of complex interrelations of 
the great vessels and of intracardiac shunts.??:199? This 
technique is particularly useful in evaluating cyanotic 
neonates, in whom the risk of cardiac catheterization 
is considerable. 

Echocardiography: This method plays an increas- 
ingly important role in the diagnosis of congenital heart 
lesions. Since the technique allows recognition of ana- 
tomic continuity of intracardiac structures, the relation 
of the great vessels with the ventricular chambers, valve 
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abnormalities and structural defects within the inter- 
ventricular septum can be recognized by this means. To 
date, more than 30 distinct congenital abnormalities 
have been identified with echocardiography.!?! 

In an adult population the congenital lesion that most 
often passes unnoticed is the atrial septal defect. Al- 
though such a lesion still requires right heart catheter- 
ization to confirm its presence, echocardiography ap- 
pears to be extremely sensitive in detecting evidence of 
significant left to right shunting with this defect.!9?-104 
Thus, the presence of an enlarged right ventricular in- 
ternal dimension with or without septal paradoxical 
motion should raise the question of right ventricular 
volume overload. This finding is not specific for an atrial 
septal defect because it may occur with other conditions 
such as tricuspid regurgitation, anomalous pulmonary 
venous connection and, occasionally, pulmonary hy- 
pertension. However, the absence of a significantly in- 
creased right ventricular internal dimension would 
appear to exclude a clinically significant left to right 
shunt on the basis of an uncomplicated interatrial septal 
defect. 

Miscellaneous Problems 

Pericardial effusion: Both echocardiography and 
nuclear techniques lend themselves to the evaluation 
of an enlarged cardiac silhouette. Whereas the majority 
of patients with this roentgenographic finding have 
cardiomegaly, the presence of a pericardial effusion is 
a not uncommon differential diagnostic problem. 
Echocardiography appears particularly sensitive to this 
condition since the separation of a nonmoving posterior 
pericardium from a moving adjacent epicardium can be 
detected even with very small effusions if care is taken 
with proper instrumental settings and technique to 
discern the posterior pericardium at the appropriate 
anatomic level.!95196 By routinely performing echo- 
cardiography 24 hours before cardiac surgery, Horowitz 
et al.!? recently showed that effusions as small as 15 ml 
could be detected The overlap of negative and positive 
patterns in their group of 41 patients was small, thus 
attesting to the specificity of the method as well. 

Recently, features of cardiac tamponade have been 
demonstrated with echocardiography.!°° With inspi- 
ration there is an increased right ventricular dimension 
consistent with filling of this chamber. Concomitantly 
there is decreased excursion of the anterior mitral leaflet 
and diminished left ventricular dimension, indicating 
poor transmitral flow. These findings are in accord with 
the physical finding of a paradoxic pulse. 

By radiolabeling the intracardiac blood pool large 
effusions can also be inferred from the discrepancy of 
this blood mass with the apparent size of the cardiac 
silhouette as well as its separation from the liver.!° 
Effusions have also been demonstrated by ??Tc per- 
technetate flow studies in which the cardiac blood pool 
is separated from the lungs by the fluid-filled pericar- 
dium to an abnormal degree.! !? Nuclear techniques are 
less sensitive!!! and less versatile than echocardiogra- 
phic techniques which can be performed at the patient's 
bedside, but pericardial effusions may be observed 





during nuclear angiography or ventricular function 
studies with ??"'Tc albumin. 3 

Dissecting aneurysm of the ascending aorta: This 
is an acute medical emergency. Recent reports! 12-114 
have shown that echocardiography can distinguish the 
cavity of the dissecting hematoma from the true aortic 
lumen. However, in none of these studies has the patient 
series from a single institution been large enough te 
establish definitely the diagnostic accuracy of th 
method. Moreover, false positive results have been re 
ported.!!^ Further evaluation is necessary before we c 
be certain of the reliability of ultrasound as a cnim 
technique for the presence of this lesion. E 

Left atrial myxoma: The diagnosis of this tumor wa 
virtually impossible to establish noninvasively befo 
the advent of echocardiography. Such tumors, while 
rare in occurrence, have been repeatedly detected wit] 
this method by independent observers.!!6-!!? Th 
presence of a radiodense area within the left atrium 
particularly prolapsing into the mitral funnel durin; 
diastole, appears to be pathognomonic for the presenci 
of the tumor. With appropriate attention to proper in 
strumental settings, the false positive detection of thi 
lesion by an experienced echocardiographer should b 
quite rare. False negative results can occur, but the 
true incidence may never be known in view of the rela 
tive infrequency with which this lesion is encountered 
Right atrial myxomas have also been recognized, par 
ticularly when prolapsing into the right ventricle. At 
Atrial myxoma has also been detected with scintipho 
tographic imaging.!?9.1?! 

Intracardiac thrombosis: Left atrial clots in mitra 
stenosis and left ventricular thrombi in ventricula 
aneurysm and cardiomyopathy have been detected b; 
the use of iodine-131 ‘fibrinogen as wellas radiolabelet 
fibrinolytic agents.!?? Here, too, the reported series 
too small to make definitive statements at this time à 
to the clinical usefulness of such radionuclide screeniny 
techniques. 5 


Conclusions 


The past decade has seen considerable progress in th 
development of diagnostically accurate noninvasiv 
cardiovascular procedures for recognition of majo 
problems in adult medicine. Particularly notable is o 
ability to deal with pulmonary embolism in the "-— 
of cases without resorting to pulmonary angiography 
On the opposite end of the spectrum, we are just be 
ginning to define methods that show significant im 
pairment of myocardial perfusion or myocardial dam 
age, or both, as a result of coronary artery disease. 
tween these two extremes, we are able to identif 
qualitatively, and in some cases semiquantitatively, th 
presence and severity of specific forms of cardiac valv 
disease. In light of this progress it is hoped that in th 
future our reliance on invasive means of cardiovascula 
diagnosis can be limited almost exclusively to patient 
who are most likely to benefit from cardiac surgery 

toward which cardiac catheterization and angiograpn 
are integral steps. 22 
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A brief description is given of imaging techniques to record and analyze. 
the myocardial perfusion scan, study changes in segmental wall motion, 
measure ejection fraction and ventricular volumes and detect acute 
myocardial infarction. Attention to the details of collimation, pulse height 
analyzer settings, intrinsic resolution of the imaging device and quality 
of the tracers utilized for these studies will permit information of high 
quality to be obtained from subjects with use of these noninvasive tech- | 
niques. 


Radioactive tracers can be used noninvasively to measure three impor- 
tant indicators of cardiac function: (1) regional distribution of myocardial 
perfusion, (2) total and regional ventricular contractility, and (3) pres- 
ence or absence of acute myocardial infarction. To optimize the data that 
can be obtained from these measurements, one must be aware of both 
the physiologic factors controlling the distribution of tracer and the 
technical factors involved in recording the data and displaying them for 


interpretation by the clinician. j 


l 


Myocardial Perfusion 


The tracer: Ideally, myocardial perfusion should be assessed with 
a tracer that has the following properties: (1) no pharmacologic effects, 
so that physiologic conditions will not be distributed; (2) an extraction. 
efficiency in the myocardium approaching 100 percent so that perfusion 
will be the major determinant of regional distribution; (3) rapid blood 
clearance, to reduce recirculation problems; (4) a gamma photon energy 
of 100 to 200 kev with no beta or beta-like radiation, to permit a high 
photon yield that is easily collimated, detectable with high efficiency 
and with a small radiation dose to the patient; (5) a physical half-life of 
30 to 60 minutes, to permit multiple measurements over a short time 
span and to keep the radiation dose small; and (6) wide availability and 
low cost. No tracer now used for the noninvasive determination of re- 
gional myocardial perfusion meets all of these requirements. The mo- 
novalent cations, potassium, rubidium and thallium, which have been 
most widely used for the noninvasive determination of myocardial 
perfusion, have extraction efficiencies of 70 to 90 percent. ? The blood 
concentration of these tracers 60 to 90 seconds after intravenous injection 
corresponds to less than 10 percent of the administered dose when the 
patient is given the injection under basal conditions.” As suggested by 
Sapirstein,’ tracers that are extracted efficiently by an organ and have 
a relatively rapid blood clearance can be used for determining regional 
perfusion. Prokop et al.* compared the regional myocardial distribution 
of potassium administered intravenously with that of microspheres in- 
jected into the left atrium of dogs during normal coronary blood flow, 
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ca É diac pacing, and total occlusion of a vessel. A linear 
relation was found between the myocardial distribution 
of perfusion as indicated by the microsphere injections 
and that indicated by the intravenous administration 
of potassium (Fig. 1). However, when flow was increased 
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by reactive hyperemia, the increase in potassium con- 
centration did not parallel that of microspheres. Under 
these conditions of high flow, the extraction efficiency 
of potassium appears to be reduced. Similar relations 
have been found with thallium-201? (Fig. 2). 

The concentration of tracer in the myocardium at a 
particular time after injection is influenced by the rate 
of turnover of the intracellular pool that these tracers 
enter in the myocardium. Potassium, for example, has 
a half-life in the myocardium of about 90 minutes, 
whereas the half-life of thallium is considerably longer, 
probably about 7 hours (Weich H, et al: unpublished 
observations). As the interval between injection and the 
time of imaging increases, the regional distribution of 
tracer within the myocardium is increasingly influenced 
by the rate of intracellular turnover of the tracer. 
Therefore, whenever possible, the determination of 
regional myocardial perfusion should be made imme- 
diately after administration of the tracer. 

The imaging device: The physical characteristics 
of the tracer and the resolution of the imaging device are 
also important in determining the quality of the images. 
Myocardial perfusion images can be recorded with ei- 
ther a rectilinear scanner or a scintillation camera’ (Fig. 
3). The rectilinear scanner has no field uniformity 
problems, and its resolution is limited primarily by the 
design of the collimator. High resolution collimators 
usually have less sensitivity than those with lower res- 
olution. Therefore, to record an image with a preset 
count density, a longer time is required with a high 
resolution collimator than with one of low resolution. 
Because it is desirable to detect small lesions, a high 
resolution collimator should be used. 

With the rectilinear scanner, spatial localization of 
the distribution of activity is achieved mechanically as 
the detector moves back and forth across the patient's 
body. 'The scintillation camera, on the other hand, views 
an entire field of activity simultaneously and determines 
the location of photons resulting from their interaction 


FIGURE 2. Activity ratio in a portion of the left ventricle 
(LV) compared with that in the right ventricle (RV) in dogs 
with occlusion of the left anterior descending coronary 
artery (LAD). Multiple samples were taken from tissues 
supplied by the left anterior descending coronary artery 
and those supplied by the left circumflex coronary artery 
and compared with tissue from the right ventricle after 
intravenous administration of thallium-201 and potas- 
sium-43. The ratio value for thallium is listed on the or- 
dinate; that for potassium-43 on the abscissa. A corre- 
lation coefficient of 0.97 was found. (Reprinted from 
l-8 Strauss et al. by permission of the American Heart As- 
sociation Inc.) 
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FIGURE 3. Myocardial perfusion images obtained with 
a rectilinear scanner (top panels) and scintillation 
camera (bottom panels) after the administration of 
thallium-201 in the left anterior oblique (left panels) and 
anterior position (right panels). Although there are minor 
differences in the appearance of the left anterior oblique 
views, the images obtained with the two instruments are 
quite similar. (Reproduced from Cook et al.,’ with per- 
mission of the Society of Nuclear Medicine.) 


FIGURE 4. Phantom scans with rectilinear scan- 
ner (top panels) and scintillation cameras (bottom 
panels) imaging a grid source of activity with the 
central squares of 1 cm. Left upper panel, results 
with a medium resolution collimator and a recti- 
linear scanner; lower left panel, results with a 19 
photomultiplier tube scintillation camera; upper 
right panel, results with a high resolution colli- 
mator on the rectilinear scanner; lower right 
panel, results with a high resolution scintillation 
camera with parallel hole collimator. (Reprinted 
from Cook et al.’ with permission of the Society 
of Nuclear Medicine.) 


in the sodium iodide crystal by generation of an elec- 
tronic pulse. Localization of such signals becomes less 
certain as the photon energy decreases. At energy levels 
of less than 60 kev, commercially available scintillation 
cameras have too poor spatial resolution to be usable. 
As the photon energy increases (up to about 300 kev), 
the certainty of the positioning signals generated by the 
camera increases. Thus, for the scintillation camera, 
spatial resolution is primarily the result of two variables: 
(1) photon energy, and (2) collimator. In addition, the 
scintillation camera is subject to problems of field uni- 
formity, that is, the sensitivity for detecting and posi- 
tioning photons may not be uniform across the entire 
surface of the detector. This can cause artifacts and 
make images difficult to interpret. The nonuniformity 
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should be minimized by proper maintenance of the - 
camera and corrected whenever possible with a com- 


puter. Most collimators for the scintillation camera are 


designed to provide the best combination of sensitivity | 
and resolution with lower energy tracers. These factors | 
combine so that a nuclide that has an energy level of 100 


to 200 kev, a rapid rate of blood clearance, high myo- 
cardial extraction efficiency and low concentration in 
the lung should be optimal for myocardial imaging. 
Thallium-201 meets most of these criteria, even though 
its 80 kev mercury X-ray is near the low end of the en- 
ergy scale for resolution with the scintillation camera. 

The importance of these factors to myocardial images 


Ze", - 


can be demonstrated in the phantom study shown in — 


Figure 4. The images were obtained with a rectilinear 
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FIGURE 5. Thallium scan in a subject without coronary artery disease 
obtained in the anterior position (left panels) and left anterior oblique 
(right panels) with injection at rest (upper panels) and during stress 
(lower panels). The zone visualized is the left ventricular myocardium 
with associated left ventricular cavity. There is a hint of right ventricular 
myocardial activity seen on the stress scan in the left anterior oblique 
view. A zone of decreased tracer concentration at the apex is a normal 
variant. The tracer concentration of splanchnic activity is greatly de- 
creased, in the stress study compared with that at rest. 


scanner, using a medium resolution and high resolution 
collimator (upper panels) and images with a 19 photo- 
multiplier tube scintillation camera (left lower panel) 
and high resolution (37 tube) scintillation camera (right 
lower panel). A marked difference in structural detail 
can be perceived in these images. The two images on the 
right side provide sufficient detail to define most 
myocardial lesions (the central squares are 1 cm apart), 
whereas the two on the left side, are inadequate for most 
clinical purposes. Thus, when recording the images, a 
high resolution collimator on a rectilinear scanner or a 
high resolution scintillation camera with high resolution 
collimator must be employed. 

— Since the left ventricular myocardium has an ovoid 
shape with a hollow center, it is necessary to record 
multiple views to increase the probability of detecting 
a perfusion defect. Phantom studies in our laboratory? 
have indicated that lesions were best defined when seen 
en face or in tangent. As the lesions were rotated to other 
positions, they were difficult or impossible to see. Since 
we do not know in advance where lesions will be located, 
these data suggest that images must be recorded in at 
least three positions and preferably four. 





Imaging at rest and during stress: When thallium 
is administered to a patient at rest, zones of decreased 
perfusion or extraction efficiency can be detected. 
However, coronary lesions of 70 percent or less luminal 
narrowing will usually not be detected with tracer ad- 
ministered at rest because flow distal to the fixed ob- 
struction may be normal and equal to that found distal 
to nonobstructed vessels. If a patient exercises or 
undergoes cardiac pacing so that myocardial perfusion 
is increased, the increase in flow to a region beyond a 
stenotic artery is less than the increase that occurs to 
normal zones. If tracer is administered during stress, its 
distribution in the myocardium will be determined by 
the distribution of perfusion during the time the tracer 
is cleared from the blood. Because activity differences 
in the myocardium will be seen only if sufficient flow 
differences are produced, it is important not to termi- 
nate the test if only S- T segment changes occur in the 
electrocardiogram. On the other hand, if the patient 
becomes symptomatic with severe anginal pain, the 
tracer should be administered immediately and the test : 
terminated as soon as possible. If at all possible, it is 
desirable to continue exercise for at least 30 seconds 
after the administration of tracer so that normal myo- 
cardial perfusion will remain elevated during the period 
of tracer clearance from the blood. The type of stress 
appears to be less important than the severity of the 
stress. Many types of stress can cause changes in per- 
fusion when a subcritical stenosis is present, as judged 
from both patient and animal studies including exer- 
cise,? pacing* and drug-induced stress. 

There are striking changes in the myocardial perfu- 
sion image obtained at rest compared with that obtained 
during stress even in normal persons’ (Fig. 5). With 
injection at rest, the left ventricular myocardium is well 
seen, whereas the right ventricular myocardium is 
barely seen or not seen at all. This is probably related 
to the differences in mass between the right and left 
ventricles in normal subjects: The right ventricular 
myocardium is 1/3 the thickness of the left and blood 
flow is about 10 percent per gram less than that of the 
left. Since the activity in the lung and chest wall is about 
1/2 to 1/3 that of the left ventricle, it is not surprising 
that the right ventricle is invisible in most normal per- 
sons. Tracer distribution in the left ventricular myo- 
cardium is often somewhat nonuniform at rest, probably 
as a result of the heterogeneity of coronary blood flow. 
The variation in activity due to statistical fluctuation 
at the count rates usually recorded for myocardial 
imaging should only be a maximum of 6 percent in ad- 
jacent 1 cm segments, whereas the observed variation 
in activity in adjacent segments approaches 15 percent 
in normal subjects. No clear-cut zones of decreased 
tracer concentration greater than 1 cm in size were 
found in a group of 13 normal subjects studied at rest 
and during stress. There was a small zone of decreased 
tracer concentration in the region of the apex of the left 
ventricular myocardium in 11 of 13 normal subjects. 
Symmetrical regions of increased tracer concentration 
were seen in the areas of insertion of the papillary 
muscles, best seen in the left anterior oblique views. 


734 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


There is a zone of decreased concentration in the center 
of the left ventricular myocardial image that corre- 
sponds to the left ventricular cavity. 

Although tracer concentration in the lungs decreased 
25 to 50 percent during exercise compared with rest, 
activity in the myocardium increased only 5 to 10 per- 
cent over that found at rest.’ However, the heart was 
more clearly defined in the scan obtained during exer- 
cise because of the improved contrast between the 
myocardium and the surrounding lung. The distribution 
of tracer within the myocardium became more uniform 
and the right ventricular myocardium was visualized in 
13 of 13 normal subjects. Blood flow to the splanchnic 
bed decreased with exercise, and the concentration of 
thallium seen in the liver and spleen was greatly re- 
duced. In general, the images recorded with the tracer 
administered during stress are easier to interpret than 
those recorded with the tracer administered at rest. 

Recording and processing the myocardial image: 
The myocardial scan is usually recorded on film, in a 
computer core or on magnetic tape or disk. When the 
data are recorded on film, it is not possible to vary 
contrast or carry out other useful data processing 
techniques after recording the image. Since the heart 
to background ratio is only 2 to 3:1, contrast enhance- 
ment of the images makes regions of decreased tracer 
concentration more obvious. High contrast film should 
be employed to magnify these small changes in activity 
into larger changes in film density. When a data pro- 
cessing system is used to record the images, contrast can 
be increased by the observer so that multiple contrast 
levels can be examined to optimize interpretation of the 
study without loss of the original data. A data processing 
system is the preferred means of data recording since 
observers can view the data under different conditions 
before giving a final interpretation. 

Analysis of the myocardial perfusion scan: Once 
the images are recorded, the observer should examine 
them to determine the distribution of tracer throughout 
the left ventricular myocardium. Focal zones of de- 
creased tracer concentration indicate focal areas of 
decreased perfusion or extraction efficiency. At this 
time, we are not aware of diseases that change only ex- 
traction efficiency, but it is possible that some car- 
diomyopathies such as those associated with muscular 
dystrophies are associated with normal flow and re- 
duced extraction efficiency. To date, sarcoidosis has 
been shown to cause in some patients focal zones of 
decreased tracer concentration in the left ventricular 
myocardium.” 

The thickness of the myocardium in the thallium-201 
images should be measured. The normal left ventricular 
myocardial thickness is approximately 2 cm when these 
images are projected life-size. Conditions such as con- 
centric hypertrophy cause an increase in the thickness 
of the left ventricular myocardium. Asymmetric 
thickening can occur in conditions such as idiopathic 
hypertrophic subaortic stenosis. In this condition, the 
septum has a triangular shape (with the apex pointing 
toward the aortic valve) and is considerably thicker than 
the posterior wall. Recent work done by Bulkley et al.!° 
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indicates that the scan can help make a specific diag- 
nosis of idiopathic hypertrophic subaortic stenosis. The. 
relative sensitivity of the scan compared with echocar- : 
diography has not been defined. : 

The size of the left ventricular cavity should also be? 
estimated from the myocardial perfusion scan even | 
though details of the endocardial surface are not well : 
defined. Small changes in left ventricular size cannot! 
be readily appreciated from these images, in part be- 
cause the images are recorded throughout the entir 
cardiac cycle. In patients with marked dilatation of the 
ventricle, the cavity appears greatly enlarged. There- 
fore, the relative size of the left ventricular cavity can. 
help to make the diagnosis of left ventricular dilata- 
tion. 3 

The right ventricular myocardium is not usually 
defined in the scan obtained at rest unless there is 
marked right ventricular hypertrophy. Recent studies 
in our laboratory by Cohen et al.!! suggest that the right 
ventricular myocardium can be seen when there is 
persistent right ventricular hypertension. 

The relative tracer concentration in the liver should 
be compared with that in the left ventricular myoni 
dium to determine the status of splanchnic blood flo 
at the time of tracer administration. If there is marked. 
tracer concentration in the liver, it is probable that the. 
tracer was injected during the basal or resting state. 
During exercise stress, splanchnic blood flow is greatly. 
diminished and the liver is not visualized. : 

Zones of decreased tracer concentration: It is. 
most helpful to compare the scan obtained in the resting | 
basal state with that obtained during maximal stress. 
In normal subjects, the tracer distribution in the myo- 
cardium is homogeneous and unchanged from rest to 
stress. Appearance of new or enlarged areas of decreased : 
tracer concentration or areas with more severely de- 
creased tracer concentration make it highly likely that. 
myocardial ischemia has developed in regions not as 
apparent at rest. Regions of abnormal blood flow foun 4 
in a rest scan that do not change when tracer is admin- 
istered during stress are referred to as “fixed abnor- 
malities" of perfusion. When the scan obtained at rest. 
is the only examination performed, zones of decreased 
tracer concentration can be caused by either a “tran- 
sient" or a “fixed” abnormality of perfusion. | 


| 
Regional Wall Motion Measurements : 
| 


The tracer: These procedures are used to evaluate 
the size, shape and position of the cardiac chambers. 
The test is performed utilizing a tracer that remains: 
only in the blood pool and that does not visualize the 
myocardial muscle. Tracers such as technetium- labeled. 
red cells or technetium-labeled albumin have both been. 
used in this test.!?.!? Technetium-labeled albumin has 
the advantage of requiring preparation only once a day 
and is suitable for use in any patient, whereas techne- 
tium-labeled red blood cells require the patient’s own 
blood to be drawn, individually labeled and then read- 
ministered. Although labeling with this method is te- 
dious and time consuming, the label remains on the cells 
and does not diffuse into the extravascular compart- 
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-FIGURE 6. Gated blood pool scan in the left anterior oblique (LAO) 
position in a patient with an aneurysm of the left ventricle. End-systole 
at left, end-diastole at right. Diagram showing the left ventricular borders 
at end-systole indicated by the dotted line and end-diastole by the solid 
line is shown below. Ao = aorta; LV = left ventricle; PA = pulmonary 
artery; RA = right atrium; RV = right ventricle. 
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‘ment during the time of measurement. Technetium- 
labeled red blood cells are therefore a more suitable 
tracer for this study than technetium-labeled albumin 
although the latter can be used quite successfully for 
most clinical measurements. 

— Ejection fraction: first pass method: Ejection 
fraction can be calculated from information recorded 
either during the first passage of tracer through the 
heart!* or after the tracer has equilibrated in the vas- 
‘culature.!° The first pass method provides a recording 
of the time-activity curve over the left ventricle that has 
peaks and valleys corresponding to the filling and 
emptying of the chamber. After a correction is made for 
background activity, the peaks of the curve correspond 
to the activity in the chamber at end-diastole, the val- 
leys to that at end-systole. The ejection fraction can 
readily be calculated from the counts at these points. 
The difficulty with the method is that only a limited 
number of counts are recorded during these short por- 
tions of the cardiac cycle. To achieve a satisfactory level 
of precision, the data from three to five cardiac cycles 
are summed point by point, and the resultant higher 


count density curve is fitted with a smoothing function 
and the ejection fraction is calculated. Several investi- 
gators!^ have reported high correlations with ejection 
fraction calculated at angiography. Because the method 
requires only a very short measurement time, it can be 
applied to patients under very unstable conditions. The 
limitations of the method are that only one measure- 
ment can be made from a single injection of tracer, and 
it is difficult to obtain high resolution information about 
regional wall motion from these images. 

Ejection fraction: gated technique: An alternate 
means of obtaining information about ejection fraction 
and regional wall motion utilizes a physiologic trigger 
and the scintillation camera so that images are recorded 
during specific portions of the cardiac cycle.!^ This 
system has several advantages: (1) Images can be re- 
corded for high count density to permit detailed eval- 
uation of regional wall motion; (2) multiple positions can 
be examined after a single injection of tracer; (3) ejection 
fraction can be calculated either digitally from changes 
in counts in the regions of the chamber or in analog 
fashion tracing the outlines of the left ventricular 
chamber at end-systole and end-diastole and utilizing 
the geometric assumptions of Sandler and Dodge to 
calculate left ventricular volumes and ejection fraction. 
Fletcher et al.!6 comparing the first pass technique with 
the gated technique utilizing the counts method found 
that the two methods provided similar data regarding 
ejection fraction (correlation coefficient greater than 
0.9). It is important when performing these examina- 
tions to utilize a high contrast film or a mode of data 
display that permits adjustment of the contrast since 
the activity ratio between the left ventricle and back- 
ground is usually less than 3:1. This means that it may 
be difficult at times to precisely identify the border of 
the chamber when a low contrast display or film is uti- 
lized. A high contrast film sharpens the apparent dif- 
ference between the left ventricular chamber and 
background. 

A high resolution collimator should be used to record 
these images since it is desirable to obtain precise 
measurements of small changes in regional wall motion. 
The number of events recorded in the image is an im- 
portant factor in determining how well the borders of 
the ventricles can be defined. The best compromise 
between the time required to obtain the data and the 
optimal amount of data needed to define precisely the 
left ventricular borders seems to be that approximately 
500,000 counts should be collected in the entire 
image. 

Region wall motion changes: The borders of the 
cardiac chamber as seen in the end-systolic and end- 
diastolic images are traced and superimposed to define 
regional wall motion changes. Radii from the geometric 
center of the left ventricle to the borders, except those 
adjacent to the valve planes, usually contract approxi- 
mately 20 percent of their length from end-diastole to 
end-systole. If this degree of shortening does not occur, 
hypokinesia is present. Correlations of the results of 
contrast ventriculography and tracer methods indicate 
that the latter can adequately define regional wall mo- 
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NONINVASIVE IMAGING PROCEDURES—STRAUSS AND PITT. 


THALLIUM SCAN 





FIGURE 7. Gated scans in the anterior (ANT) position at end-systole and end-diastole (top left and top middle panels), and thallium scan in this position — 
(top right panel). Gated scans in the left anterior oblique (LAO) position at end-systole (bottom left), end-diastole (bottom center) and thallium - 
scan in this position (bottom right). Traced outlines of the left ventricular chamber at end of diastole are shown by the solid line while those at 
end-systole are shown by the dotted line in the diagrams at right. The thallium scan is indicated by the shading outlining the end-diastolic volume. 
There is no wall motion in the area where there is decreased thallium concentration involving the inferior wall in the anterior view and the posterolateral 


surface in the left anterior oblique view. Abbreviations as in Figure 6. 


tion abnormalities. For example, Rigo et al.!? and Zaret 
et al. observed high correlations between abnormalities 
in regional wall motion and tracer examinations (Fig. 
6). An effective means of perceiving changes in regional 
wall motion is to display an end-systolic image alter- 
nately with the end-diastolic image on one screen. When 
the data are displayed in this manner, one can readily 
perceive changes in regional wall motion and the regions 
moving poorly or paradoxically are accentuated. This 
type of data display is better than simply tracing the 
borders of the ventricles and superimposing them. 
Recording the data at only two points in the cardiac 
cycle does not take advantage of all the photons that 
emanate from the patients. If data are recorded con- 
tinuously in list mode in synchrony with the electro- 
cardiogram for 15 or 20 minutes, the data can be dis- 
played in multiple frames, as suggested by Green et al.18 
When this is done, the first 20 msec after the R wave in 
each cardiac cycle are sought by the computer and en- 
tered into one frame. Thereafter, subsequent 20 msec 
frames following the R wave are framed into a series 
until the entire cardiac cycle has been examined. The 
procedure results in an average cardiac time-activity 
curve recorded over the 20 minutes of data acquisition. 
Each image in the average cardiac cycle is of high count 
density, and precise borders can be drawn around the 
left ventricle. With this approach, high resolution im- 
ages of each point in the cardiac cycle can be obtained. 
If a region of interest is selected over the left ventricle 
using a computer system, a quantitative left ventricular 
time-activity curve can be generated from these data. . 
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Ventricular volumes: The gated blood pool scans - 


are also interpreted by tracing the outlines of both the 
left and right ventricles in the anterior and left anterior 


oblique positions and calculating the volumes of the - 
chambers. Volumes can be calculated from the activity | 


in the ventricle and a blood sample drawn and counted 


in a suitable phantom; activity in the chamber is de- 
termined after background correction; then, the left and — 
right ventricular volumes can be calculated directly. An — 


alternative approach that has proved satisfactory is to — 


outline the left ventricular chamber and calculate vol- 


umes according to the formula of Sandler and Dodge. 


We estimate right ventricular volume by comparing the 


area of the right ventricular chamber in the left anterior - 
oblique position with that of the left ventricular 
chamber. The projection of the right ventricular | 
chamber is ordinarily about 10 percent larger than that | 


of the left.!? Although there is a slight error introduced | 


into the volume calculation using the standard biplane . 
formula of Sandler and Dodge when the two views are : 


not 90? apart, this error does not appear to be too great - 


for clinical examinations. In addition to volumes, the - 


ejection fraction of the ventricle and the regional wall 


motion are quantified. Regional wall motion abnor- — 


malities are usually expressed as percentage of the total | 


left ventricular free wall circumference. 

It is particularly important in patients with diffuse 
hypokinesia to determine whether the gating was ac- 
complished correctly. There are several ways to tell how 
effective the gating was. Changes in right ventricular 


volumes can be seen when the left ventricular chamber - 





"barely moves; changes occur in the right or left atrium; 
- and, finally, we can record the exact intervals after the 
-R wave that gating occurred. 

.. One major advantage of tracer techniques is the 
relative safety and ease of performing repetitive studies. 
The gated and myocardial perfusion scans can readily 
- be performed together in the same patient and provide 
two pieces of information that reinforce each other: the 
state of myocardial perfusion and the function of the left 
and right ventricles. These data can be used effectively 
to help determine which patients may benefit from 


coronary bypass surgery (Fig. 7). 








- Acute Myocardial Infarct Imaging 


3i This technique is based on the principle that acutely 
- damaged tissue is associated with abnormalities in the 
cell membrane that permit entry of tracers ordinarily 


ANE 


- 1. Love WD, Ishihara Y, Lyon LD, et al: Differences in the relationship 

between myocardial blood flow and myocardial clearance of iso- 

topes of potassium, rubidium and cesium. Am Heart J 76:353-355, 

1968 

. Pitt B, Strauss HW: Myocardial imaging in the noninvasive evalu- 

ation of patients with suspected ischemic heart disease. Am J 

Cardiol 37:797-806, 1976 

3. Sapirstein LA: Regional blood flow by fractional distribution of 

indicators. Am J Physiol 193:161- 168, 1958 

. Prokop EK, Strauss HW, Shaw J, et al: Comparison of regional 

myocardial perfusion determined by ionic potassium-43 to that 

determined by microspheres. Circulation 50:978-984, 1974 

. Strauss HW, Harrison K, Langan JK, et al: Thallium-201 for 

myocardial imaging: relation of thallium-20 1 to regional myocardial 

perfusion. Circulation 51:641-645, 1975 

6. Strauss HW, Zaret BL, Martin ND, et al: Non-invasive evaluation 

of regional myocardial perfusion with potassium-43: technique in 

patients with exercise induced transient myocardial ischemia. 

Radiology 108:85-90, 1973 | 

. Cook DJ, Bailey |, Strauss HW, et al: Thallium-201 for myocardial 
imaging: appearance of the normal heart. J Nucl Med 17:583-589, 
1976 

. Zaret BL, Strauss HW, Martin ND, et al: Non-invasive evaluation 
of myocardial perfusion with potassium-43: study of patients at rest, 

p exercise and during angina pectoris. N Engl J Med 288:809-812, 

EU 1973 

: 9. Bulkley BH, Rouleau J, Whitaker JQ, et al: The use of thallium- 

3 201 myocardial perfusion imaging in sarcoid heart disease. Sub- 
mitted for publication 

. Bulkley BH, Rouleau J, Strauss HW, et al: Idiopathic hypertrophic 
subaortic stenosis: detection by thallium-201 myocardial perfusion 

- imaging. N Engl J Med 293:1113- 1116, 1975 

E 11. Cohen HA, Baird MG, Rouleau JR, et al: Detection of right ven- 


E 












T 
j 
Ry 
e 


FOS Le ee ay) TROU TNES (ih Ee VUMWennrp 30777 ESTNE: mm 
STRETIWEWTCUBONIUNESOUNMEBNETNE PUEROS ee pe ae IG nC MICE ERES 
r E y . M J r P 3 . FNS X, | P x 


excluded from the cells. Once in the cell, these sub- 

stances bind to either damaged proteins or excessive 
quantities of calcium or, possibly, other substances not 
yet clearly defined. For the tracer to reach the damaged. 
tissue, there must be some residual blood flow into the 
area.?? The concentration of these tracers in the zone 
of damaged myocardium is quite low, so that blood must 
be totally cleared of this material before an adequate 

image can be obtained. This means that the patient 

must have a good renal function. A high resolution 

collimator should be employed and the images should 

record a minimum of 350,000 counts in the total field. 

It is important that multiple views be recorded for best 

localization of the lesion. Minor amounts of increased 

tracer concentration or vague areas of increased uptake 

are probably not significant. Areas of increased uptake 

should be well defined and have an activity equal to or 

greater than that of the ribs. 
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Myocardial perfusion imaging with thallium-201 and gated cardiac blood 
pool scanning are finding increasing use in clinical cardiology These - 
noninvasive techniques have been found useful in detecting myocardial | 
infarction independent of the electrocardiogram and determining the site ! 
and extent of the infarct as well as its effect on left ventricular function. 
These studies provide important prognostic data and are proving to be 
of value in evaluating patients with cardiogenic shock. Neither the thal- 
lium-201 myocardial perfusion image nor the gated cardiac blood pool 
scan can distinguish between acute and chronic myocardial damage. In - 
clinical situations where this is important, infarct avid imaging with - 
technetium-99m pyrophosphate allows determination of whether a given 
perfusion defect or wall motion abnormality is acute. 

Myocardial perfusion imaging with thallium-201 at rest and after ex- | 
ercise is also proving to be of value in evaluating patients with suspected - 
ischemic heart disease. Initial studies suggest that the technique may be. 
more sensitive than exercise electrocardiography and is of special value 
in minimizing the occurrence of false positive exercise tests for the di- - 
agnosis of ischemic heart disease. The combined tracers technique is 
also of value in the evaluation of patients undergoing coronary bypass gon. 
surgery and those with cardiomyopathy. 


The techniques of myocardial perfusion i imaging and gated cardiac bloods 
pool scanning are finding increasing use in clinical cardiology. The 
technical details and limitations of these procedures are described. 
elsewhere in this Symposium.! This report will review the clinical ap- 
plications of these procedures. 


Myocardial Infarction 


Most patients admitted to the coronary care unit with a history sug- 
gestive of acute myocardial infarction have other laboratory evidence 
of infarction, such as an elevated serum creatine phosphokinase level- 
or typical electrocardiographic changes, or both. In some, however, the 
history may be suggestive but not diagnostic. The electrocardiogram may 
show only ST-T wave changes or an interventricular conduction defect 
of the left bundle branch block type or, on occasion, may be entirely 
normal. Creatine phosphokinase levels, although usually elevated in 
acute myocardial infarction, may not be abnormal early in the course 
of infarction. In a patient with no previous myocardial infarction, the 
detection of a myocardial perfusion defect in the thallium-201 myocar- 
dial perfusion image?-* and a wall motion abnormality in the gated 
cardiac blood pool scan? (Fig. 1) is suggestive of acute myocardial in- 
farction. 

Transmural versus nontransmural infarction: Almost all episodes 
of transmural myocardial infarction can be identified immediately by 
the finding of a thallium-201 myocardial perfusion defect and evidence ` 
of abnormal regional myocardial wall motion in the gated cardiac blood 
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pool scan. An acute nontransmural myocardial infarc- 
tion may not be detected so readily. The perfusion de- 
fect in this condition may not be apparent after the first 
few hours” because scattered areas of viable myocar- 
dium may be interspersed with acutely ischemic areas, 
and there may not be a sufficient gradient between 
normal and ischemic or infarcted myocardium to ap- 
preciate a perfusion defect. The gated cardiac blood 
pool scan, on the other hand, may reveal an area of ab- 
normal myocardial wall motion in patients with acute 
nontransmural infarction even after the first few hours 
when the thallium-201 myocardial perfusion image may 
be normal or equivocal (Fig. 2). In these patients, the 
mass of ischemic myocardial cells may not be sufficient 
to allow appreciation of a perfusion defect. A wall mo- 
tion abnormality may, however, result from a disruption 
of the functional integrity of the myocardium, which is 
dependent upon the viability of all of the myocardial 
cells within a given perfusion area. Initial studies 
suggest that almost all patients with a nontransmural 
myocardial infarction have evidence of a wall motion 
abnormality in a gated cardiac blood pool scan.9 
Acute versus old infarction: Neither the thal- 
lium-201 myocardial perfusion image nor the gated 
cardiac blood pool scan can distinguish between acute 
and chronic damage. In a patient with a previous myo- 
cardial infarction the finding of a perfusion defect or an 
abnormality of regional myocardial wall motion is 
therefore not diagnostic of acute damage. 'T'o determine 


FIGURE 1. Previously asymptomatic patient with 
electrocardiographic evidence of an acute an- 
teroseptal myocardial infarction. Top row (from 
left to right): anterior thallium-201 myocardial 
perfusion image; anterior end-diastolic gated 
cardiac blood pool image and anterior end-systolic 
gated cardiac blood pool image. Bottom row: left 
anterior oblique images in same sequence as on 
top. Note a perfusion defect in the anterior apical 
(anterior view) and apical septal (left anterior 
oblique) regions of the myocardium in the thal- 
lium-201 image. The gated cardiac blood pool 
image reveals decreased left ventricular function 
and akinesia of the anterior apical and septal areas 
of myocardium corresponding to the perfusion 
defect seen in the thallium-201 image. 


whether a perfusion defect or wall motion abnormality 
is acute, other data such as serial electrocardiographic 
or enzyme studies or infarct avid scanning with tech- 
netium-99m pyrophosphate or glucoheptonate must be 
performed.^? 

Determination of infarct site: In patients with 
acute myocardial infarction confirmed by electrocar- 
diographic or serum enzyme changes, or both, there may 
also be a role for myocardial imaging. Both the thal- 
lium-201 myocardial perfusion image and the gated 
cardiac blood pool scan allow an independent estima- 
tion of the localization and extent of the myocardial 
infarction.2?9 The electrocardiographic correlations 
with the site of infarction are at best only fair.!? Both 
the thallium-201 image and the gated scan show excel- 
lent correlation with the site of infarction as determined 
by the finding of an akinetic area in the left ventricular 
contrast angiogram.!! 

Determination of infarct size: Determination of 
infarct size on the basis of creatine phosphokinase 
(CPK) release has been shown to be clinically useful in 
predicting the extent of left ventricular dysfunction and 
survival after myocardial infarction.!? Although expe- 
rience is limited, such determination correlates well with 
postmortem estimates of infarct size!’ but requires se- 
rial study over 48 to 72 hours. To be of optimal value, 
estimation of infarct size should be available immedi- 
ately. Although an abnormality in both the thallium-201 
myocardial perfusion image and the gated cardiac blood 
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pool scan reflects both ischemia and infarction, the in- 
formation is available immediately and may allow ap- 
propriate therapeutic decisions to be made early when 
they will have maximal benefit. In a study by Rigo et 
al.,? there were significant differences between survivors 
and those dying from acute myocardial infarction in left 
ventricular ejection fraction and percent of left ven- 
tricular myocardium that was infarcted, as estimated 
from the percent of akinesia and left ventricular ejection 
fraction indicated by the gated cardiac blood pool scan. 
In their study as in others there was also a significant 
difference in serum CPK release between those sur- 


FIGURE 2. Patient with electrocar- 
diographic evidence of an old an- 
terolateral nontransmural infarction. 
Top row (from left to right): anterior 
thallium-201 myocardial perfusion 
images, anterior end-diastolic gated 
cardiac blood pool image and end- 
systolic gated cardiac blood pool 
image. Bottom row: left anterior 
oblique images in the same se- 
quence as on top. Note the normal 
thallium-201 images. Analysis of 
the gated cardiac blood pool images 
reveals good septal motion (left 
anterior oblique view) but an area of 
apical (anterior view) and lateral 
akinesia (left anterior oblique view) 
suggesting myocardial damage. 


FIGURE 3. Patient with electrocar- 
diographic evidence of an acute 
anterior myocardial infarction and 
cardiogenic shock. From left to 
right: anterior thallium-201 myo- 
cardial perfusion image, anterior 
end-diastolic gated cardiac blood 
pool image and anterior end-sys- 
tolic gated cardiac blood pool 
image. Note the large anterior api- 
cal defect in the thallium-201 image 
and an enlarged poorly contracting 
left ventricle with anterior apical 
akinesia in the gated cardiac blood 
pool image. The right ventricle 
(seen best in the left anterior 
oblique view, which is not shown) 
was not enlarged. 
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viving and dying. CPK release, however, reflects only 
acute damage. In a patient with a previous myocardial 
infarction even a relatively small acute infarct may 
cause sufficient damage to result in myocardial failure 
or death. To determine prognosis in acute myocardial 
infarction, a measure of the perfusion and function of 
the remaining viable myocardium would be most ap- 
propriate. Both the thallium-201 myocardial perfusion 
image and the gated cardiac blood pool scan allow such 
measurement and therefore should play an increasingly 
significant role in early evaluation of prognosis as well 
as diagnosis of acute myocardial infarction. 





November 23, 1976 The American Journal of CARDIOLOGY Volume 38 741 


_ IMAGING TECHNIQUES IN CLINICAL CARDIOLOGY—PITT AND STRAUSS 





Cardiogenic Shock 
In cardiogenic shock due to acute myocardial in- 
farction, thallium-201 myocardial imaging and gated 


— blood pool scans may also be of value. In most instances, 
- cardiogenic shock is due to massive left ventricular 


damage. Under these circumstances the thallium-201 


- image and gated scan reveal a massive perfusion deficit, 


z "= 


poor wall motion and a low left ventricular ejection 


- fraction (Fig. 3). In these patients the scanning tech- 
- niques often merely confirm the poor prognosis. How- 
ever, the finding of an area of retained myocardial 
_ perfusion in the thallium-201 scan and regional myo- 


cardial wall motion in a corresponding area of the gated 
cardiac blood pool scan may be an indication for a more 


"aggressive approach, including intraaortic balloon 
- pumping and coronary bypass graft surgery. In a patient 
with a diffuse abnormality of regional myocardial per- 
- fusion and diffuse left ventricular hypokinesia any 


therapy may be futile. 
Shock due to right ventricular infarction: In some 


- patients with infarction complicated by cardiogenic 
- shock the thallium-201 myocardial perfusion image may 
— show only a relatively small perfusion defect of the left 
- ventricle and the gated cardiac blood pool scan a small 
- and relatively well contracting left ventricle. The 
_ striking findings in these patients are massive dilatation 
` and poor contractility of the right ventricle (Fig. 4), 


5 = = 


suggesting the syndrome of right ventricular infarc- 


- tion.!4 The electrocardiogram frequently shows inferior 


or true posterior myocardial infarction with second or 
. third degree heart block. Hemodynamic studies with a 


Swan-Ganz catheter may reveal increased right ven- 
tricular filling pressure, equal to or greater than the left. 
In some patients, however, because of a change in 


— compliance, right ventricular filling pressure may not 
— be abnormally elevated despite the presence of massive 





FIGURE 4. Patient with electrocar- 
diographic evidence of an acute 
inferior myocardial infarction and 
cardiogenic shock. Left, thallium- 
201 myocardial perfusion images in 
anterior (top) and left anterior 
oblique (bottom) views. Center and 
right: left anterior oblique end-dia- 
stolic and end-systolic gated blood 
pool images. A perfusion defect is 
evident in the left anterior oblique 
thallium-201 image. The gated 
blood pool images reveal a small 
left ventricle with only moderately 
reduced function. The striking 
finding is a large dilated, poorly 
contracting right ventricle, sug- 
gestive of right ventricular dam- 
age. 


right ventricular infarction.!4 In these patients evidence 
of right ventricular dilatation in a gated cardiac blood 
pool scan should suggest the syndrome of right ven- 
tricular infarction, and plasma volume expansion should 
be instituted with careful observation of left ventricular 
filling pressure so as to avoid pulmonary edema. If this 
condition is recognized early and appropriate therapy 
instituted, the long-term prognosis is excellent because 
the left ventricle may not be severely damaged. 
Rupture of papillary muscle or ventricular sep- 
tum: In patients with cardiogenic shock or severe left 
ventricular failure due to rupture of a papillary muscle 
or the interventricular septum, myocardial perfusion 
imaging and gated cardiac blood pool scanning may also 
be of value. In a patient with a sudden loud systolic 
murmur and left ventricular dysfunction, injection of 
technetium-99m albumin through a Swan-Ganz cath- 
eter with the patient in the left anterior oblique position 


allows one to detect the interventricular septal defect 


at the bedside by simultaneous observation of filling of 
the right and left ventricles. A ruptured papillary 
muscle can be suspected in this situation from the ab- 
sence of a left to right shunt and the finding of an en- 
larged left atrium. A similar conclusion may be reached 
in most instances after measurement of left ventricular 
filling pressures and oxygen saturation levels, but the 
major factor determining operability and long-term 
survival in these patients is the extent of left ventricular 
damage. The finding of a localized defect in the thal- 
lium-201 myocardial perfusion image and a well main- 
tained left ventricular ejection fraction in the gated 
cardiac blood pool scan would therefore suggest a good 
prognosis and low risk of operative mortality. Early 
surgery in such patients may be life-saving. In those 
with extensive left ventricular damage the prognosis is 
poor even if surgery is delayed several months. 
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FIGURE 5. Thallium-20 1 myocardial perfusion images at 
rest (top) and during exercise stress (bottom) in a patient 
with a previous inferior myocardial infarction and sig- 
nificant narrowing of the right and the left anterior de- 
scending coronary artery. Left images, anterior view; 
right images, left anterior oblique view. A resting defect 
is evident in the inferior wall (anterior view). In the images 
obtained during exercise, the inferior defect becomes 
more pronounced and a new defect appears in the septal 
region (left anterior oblique view). 


Congestive Heart Failure 


Congestive heart failure after myocardial infarction 
presents a problem in patient management. When the 
failure is due to a localized left ventricular aneurysm, 
surgical resection may relieve the patient's symptoms 
and prolong life. When extensive myocardial damage 
results in diffuse left ventricular hypokinesia, surgery 
is poorly tolerated and continued medical therapy is 
indicated. Performance of a gated cardiac blood pool 
scan!? and thallium-201 myocardial perfusion imaging 
allows differentiation of these two conditions on an 
outpatient basis. If a localized left ventricular aneurysm 
is detected with good residual myocardial perfusion of 
the noninfarcted myocardium, hospitalization for cor- 
onary arteriography and left ventricular angiography 
is advised. It is our current practice not to admit pa- 
tients with diffuse left ventricular hypokinesia and poor 
residual perfusion to the hospital for angiography be- 
cause surgery is unlikely to alter prognosis. 


Angina Pectoris 


Exercise electrocardiography is commonly used to 
detect myocardial ischemia in patients with suspected 
ischemic heart disease. However, studies from several 
centers!6.!? have shown that exercise electrocardiogra- 
phy is relatively insensitive in patients with single vessel 
disease and in those with a previously abnormal resting 
electrocardiogram. Myocardial perfusion imaging with 
thallium-201 at rest and during stress has recently been 
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shown to be more sensitive than exercise electrocardi- 
ography in detecting ischemia in patients with proved 
significant narrowing of a single coronary artery and in 
those with a previously abnormal resting electrocardi- 
ogram.!? š 
In patients without significant coronary arterial 
narrowing any inhomogeneity of thallium-201 uptake 
in the resting myocardial perfusion image becomes less 
apparent after exercise.!? Hepatic and gastric activity 
are relatively reduced during exercise so that the ratio 
of myocardial thallium-201 uptake to background is 
reduced. In patients with significant coronary arterial 
narrowing a new perfusion defect may appear during 
exercise (Fig. 5). If the perfusion defect seen after ex- 
ercise is not present at rest, transient myocardial isch- 
emia can be diagnosed, if the defect persists in the same 
location as a rest, myocardial infarction is present. 


Detection of false positive exercise tests: One of 
the most important uses of this technique may be in the: 
detection of false positive exercise electrocardiographic 
tests. Exercise electrocardiographic testing in asymp- 
tomatic populations has been found to result in a rela- 
tively large percentage of false positive results.?? A 
positive exercise thallium-201 myocardial perfusion 
image in conjunction with a positive exercise test would. 
add weight to the diagnosis of ischemic heart disease. 
A negative exercise thallium-201 image with a positive 
electrocardiographic response should raise some doubts 
as to the diagnosis and suggest further independent 
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FIGURE 6. Patient with long standing cor pulmonale. Top, left anterior 
oblique thalium-201 myocardial perfusion image; bottom, schematic 
drawing. LV = left ventricular cavity; RV = right ventricular cavity. Note 
the markedly dilated right ventricular cavity and the appearance of a 
relatively thickened right ventricular myocardium. 


- diagnostic studies, possibly including selective coronary 
arteriography.?! 
Evaluation of patients undergoing coronary by- 
pass surgery: Another area where myocardial imaging 
- is finding increased use is in the evaluation of patients 
| undergoing coronary bypass surgery for symptomatic 
angina pectoris. As mentioned, an exercise thallium-201 
$ . myocardial perfusion image may detect myocardial 
- ischemia in patients whose exercise electrocardiogram 
remains normal. The appearance of a perfusion defect 
- during exercise suggests that a given coronary arterial 
narrowing is responsible for the patient's symptoms of 
E myocardial ischemia. The failure to demonstrate an 
- abnormal thallium-201 image or exercise electrocardi- 
à - ogram in a patient with a subcritical coronary arterial 
- narrowing of approximately 50 percent suggests that the 
- lesion may not be hemodynamically significant or that 
- collateral flow is adequate. On the other hand, the ab- 
sence of thallium-201 uptake at rest in an area of myo- 
cardium supplied by a significant coronary arterial 
narrowing suggests previous myocardial infarction and 
- recannulization of the narrowed vessel. Coronary bypass 
- surgery in such a situation is unlikely to be of benefit. 
— However, in patients with unstable angina pectoris, a 





relative but not total absence of thallium-201 uptake 
may indicate reversible ischemia. 

If a gated cardiac blood pool scan and a rest and ex- 
ercise thallium-201 myocardial image are obtained be- 
fore coronary bypass surgery and repeated postopera- 
tively, it is possible to obtain noninvasively a good es- 
timate of the results of surgery. The appearance of a new 
perfusion defect or wall motion abnormality postoper- 
atively is diagnostic of intercurrent myocardial infarc- 
tion. Studies by Cohen et al.?? suggest that areas of new 
myocardial damage may be detected with these tech- 
niques twice as frequently as from the appearance of Q 
waves in the electrocardiogram. New myocardial dam- 
age may also be detected by the appearance of a positive 
infarct avid scan with technetium-99m pyrophos- 
phate.?? 

Improvement in myocardial perfusion and graft pa- 
tency can be diagnosed if a previous perfusion defect 
during exercise or a resting wall motion abnormality 
disappears postoperatively. With these noninvasive 
techniques it should be possible to reduce the need for 
postoperative angiography. 


Nonischemic Cardiomyopathy 


Myocardial infiltrative process: The detection of 
a perfusion defect or abnormality of regional myocardial 
wall motion at rest, while diagnostic of myocardial 
damage, does not necessarily indicate ischemic heart 
disease as the cause. Any infiltrative process such as a 
tumor, amyloidosis or granulomas may destroy myo- 
cardial cells and result in a perfusion defect and wall 
motion abnormality. Bulkley et al.24 recently found 
thallium-201 myocardial perfusion imaging of use in 
evaluating patients with sarcoidosis. Direct myocardial 
involvement was detected in several patients in whom 
the diagnosis would not otherwise have been possible. 
The finding of direct myocardial involvement by sarcoid 
granuloma is an indication for steroid therapy. An ab- 
normality in the myocardial perfusion image or gated 
cardiac blood pool scan is not specific. Clinical cir- 
cumstances usually allow the proper clinical diagnosis. 
Another finding of interest in patients with pulmonary 
sarcoidosis is the presence of right ventricular hyper- 
trophy. 

Right ventricular hypertrophy: The detection of 
right ventricular hypertrophy with myocardial perfu- 
sion imaging with thallium-201 appears to be more 
sensitive than routine electrocardiography especially 
in patients with concomitant left ventricular hyper- 
trophy.?? In patients without pulmonary hypertension 
or other causes of right ventricular hypertrophy, right 
ventricular thallium-201 activity is barely visible in the 
left anterior oblique myocardial perfusion image. 
Thallium-201 activity is present in normal right ven- 
tricular myocardium in proportion to blood flow. 
However, right ventricular myocardium is thinner than 
the left and may also have a lower flow per gram because 
of its low oxygen requirements compared to the left. 
Since the ratio of left ventricular myocardial thal- 
lium-201 activity to lung background is in the order of 
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only 2:1, the contrast settings commonly used to view 
the left ventricle do not allow adequate definition of the 
low level of activity in the right ventricular myocardium. 
To assess the right ventricular myocardium the scan 
should optimally be viewed at a low contrast setting. 
When viewed at this setting, the right ventricular 
myocardium can be seen in most normal patients but 
is significantly thinner than in patients with right 
ventricular hypertrophy. 

Cohen et al.2° found that right ventricular hyper- 
trophy could be detected with thallium-201 myocardial 
perfusion imaging more reliably than with routine 
electrocardiography especially in patients with con- 
comitant left ventricular hypertrophy in whom the 
electrocardiographic diagnosis of right ventricular hy- 
pertrophy is especially difficult. Patients with long- 
standing pulmonary hypertension were found to have 
a right ventricle of greater than 1 cm.of thickness on the 
ungated left anterior oblique thallium-201 scan (Fig. 6). 
In some patients, the right ventricular chamber was 
dilated and hypertrophy was present so that the left 
anterior oblique scan suggested the Greek letter omega. 
The thallium scan can be used to assess the relative 
thickness of both the right and left ventricular myo- 
cardium. This should prove of value in the detection and 
follow-up of patients with pulmonary or systemic hy- 
pertension. However the thickness measurements ob- 
tained from the ungated thallium-201 myocardial per- 
fusion scan are greater than those actually present, 
because of heart motion. Triggering the scintillation 
camera to obtain end-diastolic images would more 
closely reflect true wall thickness, but the time required 
to obtain an end-diastolic image of sufficient quality is 
approximately 30 minutes, which in most circumstances 
is impractical. 


Myocardial Thickness (Asymmetric 
Septal Hypertrophy) 


Assessment of relative myocardial thickness from the 
resting thallium-201 myocardial perfusion image is also 
of value in patients with suspected asymmetric septal 
hypertrophy.?6 In normal subjects the thickness of the 
interventricular septum is approximately equal to the 
thickness of the lateral wall of the left ventricle. The 
relative thickness of these structures can easily be as- 
sessed from the left anterior oblique thallium-201 
myocardial perfusion image (Fig. 7). In patients with 
concentric left ventricular hypertrophy due to systemic 
hypertension or aortic stenosis the ventricle thickens, 
but the ratio of septal to left ventricular free wall 
thickness, remains normal.?6 Most patients with idio- 
pathic hypertrophic subaortic stenosis have asymmetric 
hypertrophy of the interventricular septum and an in- 
creased ratio of septal to lateral free wall thickness. 
Echocardiography is the procedure most often used to 
demonstrate asymmetric septal hypertrophy. However, 
in some patients it may not be possible to obtain a 
technically satisfactory echocardiogram, owing to an 
increased anterior-posterior diameter of the chest and 
overlving lung, whereas in others, the asymmetric septal 
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FIGURE 7. Comparison of left anterior oblique thallium-201 myocardia 
perfusion images in a normal patient (top) and a patient with idiopathic 
hypertrophic subaortic stenosis with asymmetric septal hypertrophy 
(bottom). Note the relatively equal thickness of the septal and latera 
walls in the normal image. In the patient with idiopathic hypertrophic 
subaortic stenosis there is a relatively thickened septal region ir 
comparison with the lateral wall. (Reprinted from Bulkley et al.?9 with 
permission.) 


hypertrophy detected with echocardiography may be 
secondary to right ventricular hypertrophy rather thar 
idiopathic hypertrophic subaortic stenosis. 


Cardiomyopathy (Ischemic versus Nonischemic) 


In a patient with an enlarged heart and symptoms 
suggestive of a cardiomyopathy, thallium-201 myo; 
cardial perfusion imaging may allow differentiation ol 
an ischemic from a nonischemic cardiomyopathy. The 
resting gated cardiac blood pool scan may show an en: 
larged diffusely hypokinetic left ventricle in both sit- 
uations. In patients with an ischemic cardiomyopathy, 
the thallium-201 myocardial perfusion image will show 
almost absent or spotty tracer uptake whereas in pa- 
tients with a primary nonischemic cardiomyopathy, 
myocardial perfusion and tracer thallium-201 uptake 
may be uniform or only slightly inhomogeneous. The 
finding of uniform thallium-201 uptake in such patients 
would strongly suggest a nonischemic cardiomyopa- 
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hy.?' The finding of a patchy uptake or a perfusion 
efect, although suggestive of ischemic cardiomyopathy, 
can be due, as pointed out earlier, to secondary myo- 
cardial infiltration. 


Clinical Implications 


| The application of myocardial imaging to clinical 
"ardiology holds great promise for better noninvasive 
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assessment of cardiac disease. With the development 
of new radiopharmaceutical agents and improved in- 
strument resolution, clinical application of these tech- 
niques will increase. It should be possible to monitor the 
distribution in the body of pharmacologic agents, de- 
termine specific metabolic functions such as fatty acid 
utilization, as well as provide more quantitative infor- 
mation concerning myocardial perfusion, infarct size 
and left ventricular function. 
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The Nuclear Stethoscope: A Simple Device for Generation of 
Left Ventricular Volume Curves | 


HENRY N. WAGNER, Jr. Initial evaluation has begun of a system for displaying left ventricular — 
ROBERT WAKE time-activity curves, relating the intraventricular content of radioactivity - 
EDWARD NICKOLOFF with the cardiac cycle as determined by the patient's electrocardiógram. - 
T. K. NATARAJAN Major problems include proper positioning of the detector, correction for - 


background radioactivity outside the ventricle and calibration of the device - 
to permit conversion of measurement of radioactivity to measurement - 
of ventricular volumes. : 


Baltimore, Maryland 


o 


One of the most important advances in the diagnosis of cardiovascular | 
disease is the use of radioactive tracers to measure regional myocardial : 
perfusion and the motion of the ventricular walls in coronary and other 
types of heart disease. Valuable as these studies are proving to be, they 
suffer from one major drawback: the expense of the equipment required. 
To perform such a study with the scintillation camera and its associated ' 
data processing requires more than $100,000 worth of equipment, and 
the study ordinarily takes up to 1 hour to perform. 

'To make certain of these studies more readily available—for example, 7 
for monitoring a group of patients in a coronary care unit—we have de- 
signed, constructed and carried out initial clinical evaluation of a simple 
device called a “nuclear stethoscope,” that we hope will bring some of | 
the potential uses of cardiovascular nuclear medicine to small medical- 
centers and hospitals and possibly some day even to the physician’s office 
(Fig. 1). The device is compact and inexpensive because it dispenses with. 
spatial resolution. In other words, it does not produce images of the heart. 
but portrays a time-dependent image of the rate of filling and emptying 
of the left ventricle as a whole. 





Method 


The patient is given an injection of technetium-99m albumin, which becomes 
distributed rapidly throughout the heart and blood vessels. The amount of tracer 
within the heart is measured by a simple crystal scintillation detector, small. 
enough to be held by hand against the patient's chest as the heart fills and- 
empties. The detector must be positioned so that radioactivity within the ven- - 
tricle is being detected although activity from other sources surrounding the 
ventricles must be taken into account. This is referred to as background activity. 
The crystal detector is attached by way of intermediate electronic equipment - 
to a recording device that displays the activity being viewed by the detector in 
relation to the patient's electrocardiogram. The device is designed to divide the | 
interval between successive R waves into 48, 96 or 192 intervals or “time slots." | 
For each of these intervals, the heart's content of radioactive tracer is measured - 
and depicted on a television screen in the form of a developing left ventricular 
time-activity curve. ; 

The image of the left ventricular time-activity curve is produced by displaying 
simultaneously on a television screen the activity in 48 to 192 memory channels 
beginning at the time of the patient's electrocardiographic R wave. The parallel - 
lines of the television raster correspond to memory channels. The count rate 


From the Divisions of Nuclear Medicine and Ra- 
a diation Health, The Johns Hopkins Medical Insti- 
tutions, Baltimore, Md. 
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Health, 615 N. Wolfe St., Baltimore, Md. 21205. interval. This produces a bar graph in which the length of each bar indicates the 
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LEFT VENTRICULAR VOLUME 
CURVE 


FIGURE 1. Illustration of the principle of the nuclear 
stethoscope. The electrocardiographic leads provide the 
pulses for dividing ventricular radioactivity into the proper 
time slots after the QRS complex. 


FIGURE 2. Photograph of the prototype. 


FIGURE 3. Left ventricular time-activity curve on the left, 
background activity on the right. The vertical axis is ac- 
tivity; the horizontal axis is time after the QRS com- 


plex. 
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amount of radioactivity being seen by the radiation detector 
during the corresponding time of the cardiac cycle. As each 
memory channel accumulates radioactivity count rates during 
several hundred cardiac cycles, each bar lengthens to indicate 
the cumulative increase in activity during each time slot until 
an interpretable left ventricular time-activity curve is ob- 
tained. 

The prototype device: In the first version of the device, 
a crystal scintillation detector, 2.54 cm in diameter, was 
combined with parallel hole lead collimators 2.54 cm in length 
and 0.95 to 1.27 cm in diameter (Fig. 2). The detector was 
placed over the chest wall at a point medial to the point of 
maximal cardiac impulse with the axis of the detector in a 
manner similar to the left anterior oblique angiographic 
view. 

The radioactive tracer in the blood produces output pulses 
that are counted and stored over brief repeating intervals of 
time in a multichannel memory. The first channel of memory 
is gated by detection of the QRS complex in the patient's 
electrocardiogram, the recording of which is an intrinsic part 
of the device. Thereafter, the channels of memory are suc- 
cessively addressed so that each successive radioactivity count 
rate over repeating time intervals is stored in corresponding 
memory channels. With each successive heartbeat, the process 
is repeated and new counts are added to the counts already 
in storage in a particular channel. 

While the count rates are being recorded, the memory 
channels are read out to a television type display in which each 
memory channel is correlated with a horizontal line sweep. At 
the beginning of each line, the video input signal is switched 
from a low level to a high level where it remains for a period 
of time that corresponds to the accumulated total in the 
memory channels, thus writing solely on the television screen 
whose length is determined by the progressively accumulated 
radioactivity counts. 

Since successive lines of the television display correspond 
to the different intervals of the cardiac cycle, the physician 
can observe the progressive build-up of an image over a period 
of about 1 minute that reflects the rising and falling of the 
amount of the tracer within the field of view of the detector 
(Fig. 3). If the detector is positioned properly, the curve will 
correspond to the left ventricular time-activity curve. With 
proper calibration to permit conversion of the amount of ra- 


FIGURE 5. Gated scintillation camera images are 
compared with a left ventricular volume curve 
obtained in the same patient. Images in left pan- 
els, systolic frames; images in center panels, 
diastolic frames. Upper right panel shows volume 
curve measured by coupling the output of a scin- 
tillation camera to the nuclear stethoscope. Lower 
right panel shows background activity associated 
with the volume curve. 
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dioactivity to the amount of blood in cubic centimeters, the 
left ventricular volume curve can be obtained. 

The device is also designed to record the time course of the 
tracer as it passes through the heart after the initial intrave- 
nous injection. On the basis of these results with the prototype, 
the design has been modified and a new device is under con- 
struction. 

The left ventricular time-activity curve: In Figure 3, the 
vertical axis displays accumulated counts in each time interval 
after the QRS complex corresponding to the zero intercept on 
the horizontal axis. Each bar corresponds to a time interval 
after the QRS complex. In this case full scale on the horizontal 
axis is approximately 1 second. The video screen displays the 
updated contents of all the time intervals at once. The X axis 
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FIGURE 4. Relation between ejection fraction measured with the nu: 
clear stethoscope (N.S.) (vertical axis) and with the scintillation camere 
(G.C.) method of measuring ventricular dimensions in 44 patients. The 
open and closed circles represent data measured by two different in: 
vestigators. 
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Pivpresents time and the Y axis represents radioactivity. The 
- full extent of the X axis corresponds to an average conglom- 
erate cardiac cycle; the displayed curve represents the varia- 
tion in radioactivity during repetitive cardiac cycles. The 
_ image builds up, one cardiac cycle after the other, until the 
_ physician has obtained the required information. The right 
- panel of Figure 3 shows background activity obtained by po- 
i  sitioning the detector over the left lung away from the 
hs heart. 

In use, the portable instrument is brought to the patient’s 

- bedside, and the patient is given an injection of 99™Tc-labeled 
human serum albumin in a dose of 1 to 20 mCi. About 10 
minutes after injection, the physician or technologist places 
E "the detector over the patient’s precordium and, observing the 
_ count ratemeter while positioning the detector in the esti- 
- mated left anterior oblique angiographic position, locates the 
- point of maximal radioactivity. Then, the image is observed 
- for about 30 seconds with minor changes in the position of the 
- detector until the maximal stroke volume is observed, that is, 
_ the point when the difference between maximal activity cor- 
i | responding to end-diastole and minimal activity corre- 

Š _ sponding to end-systole is greatest. Care is taken to avoid the 
- left atrium. 

— After the left ventricular curve has been obtained, the de- 
_ tector is moved to the left to obtain the background activity 
- (Fig. 3). The detector is moved to the left until the rise and fall 

of radioactivity in relation to the electrocardiogram is no 
- longer observed. The period of observation of background and 
- of left ventricular activity must be identical so that the former 
can be subtracted from the latter. 

2 Results 

L 'The normal left ventricular time-activity curve: 
In normal persons at rest, the left ventricular time- 
„activity curve is usually similar to that in Figure 3. Im- 
. mediately after the QRS complex, the preejection pe- 
riod is evident; the ventricle has begun contracting, but 
- the aortic valve has not opened and the left ventricle has 
$ not yet begun to empty. When the intraventricular 
- pressure increases sufficiently to open the aortic valve 
against the pressure within the aorta, the activity level 
“recorded by the detector falls as blood flows out of the 
- heart and levels off after the aortic valve closes. It begins 
rising again as the heart refills. When filling is com- 
pleted, there is another flat region in the curve, the 
-isovolumetric diastolic period, or diastasis, before 
‘contraction of the ventricular muscle starts another 
- cycle. In the normal resting person, the intraventricular 
“volume i is level for about one third of the cardiac cycle. 
OW ith exercise, the isovolumetric diastolic period di- 
pninishe or disappears completely. 

The maximal activity corresponds to end-diastolic 
Brolume. whereas the low point of activity corresponds 
to end-systolic volume; after background activity has 

een subtracted, subtracting end-systolic from end- 
Bitiastolic volume gives stroke volume which, divided by 
the diastolic volume, gives ejection fraction. Stroke 
. volume averaged over 30 seconds to 1 minute gives 
cardiac output. 
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Comparison with other methods: Currently we are 
comparing the results obtained with the nuclear 
stethoscope with those obtained in the same patients 
with nuclear imaging studies, echocardiography and, 
in some cases, contrast angiography. The correlation of 
the ejection fraction measured in 44 patients with the 
scintillation camera and the nuclear stethoscope is 
shown in Figure 4. The camera method consisted of 
measuring the ventricular dimensions from camera 
images and the use of the Dodge, Sandler formulas for 
calculation of end-systolic and end-diastolic volumes. 

These studies should give a clearer idea of what the 
still experimental nuclear stethoscope can and cannot 
do. We intend to see how closely specific abnormalities 
in the ventricular volume curves correlate with anatomic 
or pathologic abnormalities revealed by other meth- 
ods. 


Discussion 


Clinical implication: It is too early to evaluate the 
diagnostic potential of the nuclear stethoscope in rela- 
tion to the more elaborate cardiovascular nuclear 
medicine procedures where diagnostic value seems al- 
ready well established. It is likely that the device may 
find its greatest use in association with the scintillation 
camera, which can be used as a detector to achieve more 
precise localization of the left ventricle (Fig. 5). Par- 
ticularly in patient monitoring, one or more nuclear 
stethoscopes may be able to provide the cardiologist 
with rapid feedback on the effect of a given regimen, 
such as digitalis or counterpulsation. It may also help 
in quantifying the effects of exercise in the recovery 
period after myocardial infarction, and possibly, in 
adjusting the dose of medications for maximal benefit 
to the ventricular function of the individual patient. 

Future directions: Problems still requiring inves- 
tigation are the size and configuration of the collimator, 
the rules that should be followed to ensure correct po- 
sitioning of the detector, the correction required for 
background activity, and the accuracy of the device in 
measuring preejection period, left ventricular ejection 
time, the rates of emptying and filling of the ventricle, 
end-systolic and end-diastolic volumes and ejection 
fraction. At present, it seems that it is most accurate in 
measurement of time intervals, moderately accurate in 
measurement of ejection fraction and least accurate in 
measuring absolute volumes because of problems with 
calibration of activity to yield volumes and problems of 
correcting for background. 
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Studies of the pulmonary circulation in normal man, performed with ex- 
ternal radiation detectors, have shown that pulmonary blood volume is 
about 10 percent of total blood volume. Pulmonary blood volume was 
unchanged in patients with acute or chronic left atrial hypertension and 
in normal persons during expansion of total blood volume in spite of 
marked increases in pulmonary vascular pressures. However, pulmonary. 

blood volume was greatly increased in patients with polycythemia rubra. 
vera and a large total blood volume and in patients with a left to right shunt 

but normal pulmonary intravascular pressure. 3 

Studies of regional myocardial perfusion with injection of xenon-133. 
solution into the left coronary artery revealed localized areas of ischemia 
distal to stenotic lesions even when the patient was at rest. During angina: 
produced by pacing, more severe ischemia occurred, thus suggesting ine 
functional factors reduce local perfusion below resting levels. 

In patients with “variant” angina, intravenous injection of thallium-201 
chloride during spontaneous attacks has revealed large cold areas in 
myocardial scintigrams not present under control conditions, thus 
suggesting severe transmural reduction of perfusion in heart muscle 
corresponding to S-T segment elevation in the electrocardiogram. 
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The ability to measure the distribution of radioactive tracers within the 
body by means of external radiation detection makes these tracers idea 
indicators in noninvasive investigations of the heart and circulation. The 
progressive development of tracers with suitable physical and biologic 
characteristics and the continuous improvement of the detecting in- 
struments have made such studies routine in many nuclear medicine 
departments. Procedures have been devised for cardiovascular screening 
as well as for more definitive diagnostic tests, as described elsewhere i in 
this Symposium. 2 

This report is concerned with the use of radioactive tracers during 
invasive cardiac investigations in both hemodynamic laboratories and 
intensive care units. I have tried to provide some examples of the results 
of a continuing program in which nuclear medicine and traditional he- 
modynamic techniques are combined in a cardiovascular department. 
Data on the pulmonary circulation, most of which have already been 
published, are mentioned, and results of a series of recent investigations 
on myocardial perfusion, mostly unpublished, are described. 


Studies of the Pulmonary Circulation 


After experimental validation of the radiocardiographic technique 
proposed by Donato et al.! for measurement of cardiac output?? and of 
the method proposed by Giuntini et al.* for measurement of pulmonary 
blood volume;? these procedures have been used routinely in our cardiac 
catheterization laboratories and intensive coronary care unit. In par- 
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ticular, measurements of pulmonary blood volume with 
the use of a single precordial probe after right atrial 
injection of radioiodinated human serum albumin 


n normal subjects and patients in whom left atrial 
catheterization is not justified.5-1? 

_ Studies in the cardiac catheterization laboratory: 
In normal subjects we have been able to define the 
r ormal value of pulmonary blood volume, which in 
different series^!!-1? averages about 300 ml/m? of body 
surface area or about 10 percent of total blood volume. 
We have also established that stroke volume is the he- 
modynamic variable most closely correlated with pul- 
monary blood volume under a variety of hemodynamic 


g^ 


conditions, 4 thus suggesting that the kinetic energy of 
the stroke volume may play a significant role in the re- 
cruitment of vascular units in the pulmonary circula- 
tion.^ By contrast, simultaneous measurements of 

ulmonary intravascular pressures and pulmonary 
lood volume in persons with no cardiovascular disease 
have revealed that the normal pulmonary circulation 
as a rather small level of compliance!? and responds 
.a rapid increase of left atrial pressure produced by 
lood volume expansion with a diffuse increase of vas- 
ular or perivascular smooth muscle tone.!? On the other 
and, a 50 percent increase of total blood volume ob- 
rved in five patients with polycythemia rubra vera and 
normal pulmonary intravascular pressures was ac- 
'ompanied by a 40 percent increase in pulmonary blood 
volume, thereby indicating that the pulmonary vascular 
od can accommodate larger amounts of blood without 
puceae in vascular or perivascular smooth muscle 

ne.! 
_ In patients with chronic pulmonary venous hyper- 
tension secondary to acquired disease of the left side of 


E Lx 


the heart, we have confirmed that average pulmonary 
;3lood volume is within normal limits in spite of the large 


r 


increase in intravascular pulmonary pressure!”-18; this 
finding is in agreement with data obtained by double 
injection into the pulmonary artery and left atrium.®* 
tepeat measurements following reparative cardiac 
Er : 
rgery have shown that pulmonary blood volume in- 
eases in patients whose hemodynamic improvement 
; accompanied by a reduction of pulmonary intravas- 
cular pressures.!? 
- In patients with an atrial septal defect and a 2:1 left 
o right shunt, pulmonary blood volume is 50 percent 
eater than normal, the increase being roughly in 
'roportion to the increase in right ventricular stroke 
volume.?? This finding supports the hypothesis that, in 
th e absence of structural changes, stroke volume is one 
of the most important determinants of pulmonary blood 
volume.!? 
- Studies in the coronary care unit: Acute myocar- 
dial infarction is accompanied by left ventricular dys- 
function, acute increases in left atrial and pulmonary 
ressures and clinical and radiologic signs of “pulmo- 
nary venous congestion." The sudden onset of pulmo- 
aary venous hypertension in left ventricular dysfunction 


is 


bantered a basically different situation from that en- 





































suntered in valve disease of the left side of the heart 
'ecause it allows little time for adaptation of the pul- 
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monary vasculature. Measurement of pulmonary blood 
volume in patients during the acute phase of infarction 
and after subsequent recovery indicated that the large 
increase in pulmonary intravascular pressures was not 
accompanied by a significant increase in pulmonary 
blood volume.???? During recovery, reduction of pul- 
monary intravascular pressures was not accompanied 
by consistent changes in pulmonary blood volume (Fig. 
1). Thus, the radiologic finding of “acute pulmonary 
venous congestion” is due to interstitial accumulation 
of fluid, as indicated by recent determinations of ex- 
travascular lung water.?4 

'These observations confirm that pulmonary blood 
volume is controlled only to a small extent by left atrial 
pressure whether it is increased acutely by volume ex- 
pansion!? or by left ventricular failure.??.2? Although one 
cannot exclude the possibility that mechanisms sec- 
ondary to an increase in left atrial pressure may tend to 
oppose the expansion of pulmonary blood volume re- 
sulting from increased transmural pressures, pulmonary 
blood volume in man appears to be controlled chiefly 
by stroke volume!? and in dogs by inflow pressure or 
flow.!^ These mechanisms appear to be mainly related 
to the recruitment of vascular units.!? 
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FIGURE 1. Values for pulmonary blood volume (PBV) during the 1st 
week after acute myocardial infarction plotted against the corresponding 
values for pulmonary mean intravascular pressure. Pi — pulmonary 
arterial plus pulmonary wedge pressure divided by 2. The shaded zone 
indicates the normal relation between the two values. 
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Studies of the Coronary Circulation 


'The use of radioactive tracers in the study of the 
coronary circulation has been called a “new approach 
to coronary heart disease.””° The correct application of 
these tracers and the proper interpretation of proce- 
dures, such as those designed to measure myocardial 
perfusion, must be based on an understanding of the 
pathophysiologic events that occur. One must be aware 
of both the limitations and the advantages of the new 
techniques. 

In spite of the large body of data obtained in experi- 
mental animals and the large number of measurements 
of myocardial blood flow in patients, current under- 
standing of the pathophysiology of the coronary circu- 
lation in patients with coronary heart disease is still 
mainly based on traditional assumptions and ideas. In 
trying to understand the methodologic problems in- 
volved in the study of myocardial perfusion, I believe 
that some knowledge has been gained of the patho- 
physiologic changes in myocardial perfusion in patients 
with coronary heart disease. 


External counting techniques for measuring myo- 
cardial blood flow: Many of the current methods for mea- 
suring myocardial blood flow with radioactive tracers are 
based on the fractionation principle of Sapirstein? or on the 
recording of myocardial washout rates of diffusible indicators 
injected into a coronary artery. 

According to the Saperstein fractionation principle, the 
fraction of an indicator, uniformly mixed with blood at the left 
ventricular outlet, distributed to the myocardium during the 
first circulation equals the fraction of cardiac output that 
perfuses cardiac muscle. This applies both to particulate in- 
dicators that do not recirculate? and to recirculating indi- 
cators with high extraction rates during the first circulation, 
such as potassium and other cationic tracers, as long as the 
amount of nonextracted indicator leaving the myocardium 
is exactly balanced by the amount that reenters the coronary 
arteries with recirculation.?? Under these conditions, when 
the fraction of the indicator in the myocardium can be mea- 
sured as a fraction of the injectate, one can calculate total 
myocardial blood flow (or the fraction of cardiac output that 
perfuses the myocardium). 

According to the “washout principle," one can calculate 
myocardial blood flow per unit mass of myocardium (or per 
100 g) when the mean washout time of the indicator can be 
determined, the space of distribution of the indicator is con- 
fined to the myocardium and its tissue/blood partition coef- 
ficient is known.?? 


In applying these methods to clinical practice, often 
a number of these conditions are not adequately met, 
or the data are not adequately verified, so that the in- 
terpretation of the findings is complex and only a 
qualitative conclusion is warranted. We have used the 
method based on the intracoronary injection of a dif- 
fusible indicator during studies in the catheterization 
laboratory and the noninvasive potassium tracer 
method in our coronary care unit studies. 

Coronary vascular reserve: After the initial reports 
of the single precordial detector method for estimating 
myocardial blood flow??9! and after its validation in 
animals,?? we attempted to study the relation between 
the degree of coronary stenosis observed at arteriogra- 
phy and the ability of myocardial blood flow to increase 






single precordial detector to obtain the initial myocar-) a 
dial washout slope after left intracoronary injection of E. 
solutions of krypton-85 or xenon-133 at rest and during - 
two levels of pacing.?? Our initial results, like those of | 
others,*4 revealed the practical limitations of the | 
method, which stem from (1) inadequacy of the initial © 
slope for the calculation of the mean washout time in the — 
presence of severe inhomogeneities of myocardial per- | 
fusion encountered in coronary heart disease during 
ischemia’; (2) the effects of cardiac fat in determining 
the washout of these indicators, especially xenon*®*’; 
(3) the contribution of recirculating indicator?9:??: anda 4 
(4) differences in counting geometry for different ‘and 
of the heart. In particular, factors 2 and 3 prevent the © 
use of the stochastic analysis of the washout curve (as - 
opposed to the initial monoexponential extrapolation) — 
in calculating the mean time of washout. E: 


a 





Our initial experience led us to two sets of conclu- 
sions, one pathophysiologic and one methodologic: * 

1. Although we did not consider the calculation of | 
myocardial blood flow/100 g from initial washout curves 
warranted, we compared the washout slopes at rest and 
during pacing in different subsets of patients. We as- 
sumed that the results were not biased by differences. 
in recirculation or epicardial fat and that initial washout 
slopes reflected predominantly the washout from better 
perfused muscle. We observed that the washout rate Was. | 
slower and increased less in patients with severe stenotic . 
lesions of the coronary vessels than in normal subjects; — 
furthermore, for comparable degrees of coronary ste- — 
nosis, initial rates were significantly slower at rest and — 
during pacing in patients with signs of left ventricular . 
failure. The values of the washout slope observed in | 
patients with severe coronary heart disease and signs ` 
of left ventricular failure were similar to those of pa- 
tients with left ventricular failure from primary myo- 
cardial disease and normal coronary angiograms at 3 
comparable heart rates. A 

These findings are in agreement with data from others 
reports of patients with triple vessel coronary artery | 
disease*” and primary myocardial disease.*! We suggest - 
that changes in left ventricular function rather than the - 
presence of extensive coronary obstruction, as such, may. 
result in lower myocardial blood flow with more effec- — 
tive oxygen utilization per gram of myocardium for a | 
given load.?? This possibility deserves further study - 
because it is conceivable that in patients with critical © 
coronary obstruction, failure of this adaptive mecha- . 
nism may lead to an acute imbalance between demand | 
and supply and hence to acute ischemia. 

2. Given the wide variability of the factors controlling | 
myocardial oxygen demand* and hence the wide range - 
of myocardial blood flow observed even in normal per | 
sons,?? the basic question in patients with coronary ar- . 
tery disease is less “What is the level of myócardiali | 
blood flow?" than “Is the level of myocardial blood flow | 
adequate to meet local demands in the various regions — 
of the heart?" Thus, because of the focal nature of cor- $ 
onary artery disease, it may be quite helpful to evaluate 
perfusion defects on a regional basis. Ischemia in one | j 






RP Scr pe 


November 23, 1976 The American Journal of CARDIOLOGY Volume 38 753 ; 





area may be offset by increased flow to healthy areas, 
resulting in normal average or total myocardial blood 
OW. 
= Regional myocardial blood flow in relation to 
coronary stenosis: Imaging the distribution of ra- 
dioactive tracers within the myocardium allows the 
detection of the spatial distribution of myocardial blood 
ow, based on the two principles discussed earlier. Its 
E quantitation presents difficulties. 





— For our studies we used xenon-133, the only diffusible in- 
Bicaco: with gamma photon emissions suitable for the gamma 
‘camera available to us.*? On the basis of our previous experi- 
ence with the single nonimaging detector, we did not base our 
evaluation of regional flow only on the initial washout slopes, 
as have*ther investigators, *^^? but took the following factors 
‘into consideration: (1) areas of xenon-133 retained in epicar- 
dial fat (observable in scintigrams obtained 15 minutes after 
injection); (2) the tail of the washout curves after 90 percent 
of the injectate had been cleared, in order to detect localized 
‘ischemic zones; and (3) the initial distribution of the indicator 
which, if primarily flow-dependent, might provide information 
on the regional redistribution of flow to the various zones of 
b. myocardium under different hemodynamic conditions i in 

e same patient.*6 

— Under these conditions, constancy of the geometric con- 
Witions is a prerequisite, both for the interpretation of changes 
‘of regional washout slopes and for the calculation of the 
fractional initial distribution of xenon to different areas of the 
Es Using a gamma camera (Nuclear Chicago Pho 

amma III HP) interfaced to a computer (Hewlett-Packard 
2116 B),*? we were able to check the constancy of counting 
veometry during the course of the washout curves with use of 

a dual counting device that allowed us to monitor a constant 
reference indicator (technetium-99m human albumin mi- 
crospheres injected into the left coronary artery at the be- 
ginning of the study). A computer program identified nine 
areas of interest and for each area provided: (1) the initial 
fractional distribution of xenon; (2) time-activity curves 
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during the washout of 90 percent of the injected dose; (3) the 
initial slope of the curve down to 50 percent of the peak (as an 
indication of the washout in the better perfused myocardium 
in each area); (4) the percent of the peak activity at which the 
curve deviated from a monoexponential washout (as an indi- 
cation of nonhomogeneous washout in each area); (5) the re- 
gional residual activity when 90 percent of the injectate was 
washed out (as an indication of slow washout areas); and (6) 
the regional xenon distribution 15 minutes after the injection 
(indicative of the epicardial fat distribution and helpful for 
the interpretation of the slow washout areas) (Fig. 2 and 3). 
In consideration of the limited spatial resolution of the 
gamma camera and of the blurring caused by heart motion, 
we studied a group of patients selected according to the fol- 
lowing criteria: (1) a long main stem left coronary artery (to 
ensure adequate mixing of the indicator at the injection site); 
(2) presence of an isolated critical stenosis in one of the three 
main left coronary branches but without detectable lesions 
in the anterior descending or circumflex branches (so that in 
each patient, in the left anterior projection, the behavior of 
the tracer in a large myocardial territory distal to the stenosed 
vessel could be compared with that observed in a large control 
territory perfused by normal vessels); and (3) typical ischemic 
electrocardiographic changes during a stress test. 


At rest, perfusion in the areas distal to stenosed 
vessels was characterized by a greater residual activity 
than in normally perfused areas (4-30 percent on the 
average) at the time when 90 percent of the injected 
traces was washed out. By contrast, although significant 
regional differences in initial washout slopes among the 
different areas were observed, as previously reported,*® 
they could rarely be related to the location of the ste- 
nosis. For some areas the slower washout could be at- 
tributed to a greater xenon-133 retention in fat; for 
others the differences, which significantly exceeded the 
error of the estimate, are most likely due to the heter- 
ogeneity of myocardial perfusion observed in dogs at 





FIGURE 2. Myocardial scintigrams in the left anterior 
oblique position in a patient who had typical angina but 
no previous infarction and proximal subtotal occlusion 
of the left anterior descending coronary artery as the only 
coronary abnormality. The xenon-133 left coronary 
scintigram (lower right) obtained during pacing-induced 
angina (A) differs from the scintigram at lower left ob- 
tained at rest (R), because of the appearance of a large 
cold area in the territory of the left anterior descending 
coronary artery. The scintigrams of technetium-99m 
microspheres (injected into the left coronary artery at the 
beginning of the study) recorded simultaneously with the 
two xenon-133 scintigrams are practically unchanged 
(upper panels). The changes in the fractional distribution 
of xenon per matrix element in each area are indicated 
in the lower panels. 
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different times.*9 These findings suggest that during 
rest, sometimes in the presence of a normal electrocar- 
diogram, localized zones of myocardial ischemia may 
be present distal to a severe coronary arterial obstruc- 
tion. These zones involve only a fraction of the myo- 
cardium included in the areas of interest selected by the 
computer, probably in the subendocardium, receive 
little indicator and therefore do not contribute appre- 
ciably to initial washout slopes.” 


FIGURE 3. Computer plots of the 
technetium-99m microspheres 
time-activity curves and of the initial 
90 percent washout curves of 
xenon-133 on a semilogarithmic 
scale for the various areas (in 
black) into which the scintigram 
was subdivided in a patient with 
critical stenosis of the left anterior 
descending coronary artery (LAD) at 
rest. Each point represents a 5 
second interval. Constancy of 
counting geometry is indicated by 
the absence of variation in techne- 44 
tium-99m activity. The half-time of 

the initial slope and the percent of 

the peak at which the washout de- 

viates from the initial monoexpo- 10 
nential curve are reported for each 

area. 


~ PATHOPHYSIOLOGY OF PULMONARY AND. CORONARY  CIRCULATIONS —MASERI 





SS 7I. zT. 







in all patients (85 percent difference on the average), E 
Small but consistent differences appeared i in the initi al 


washout beyond the obstructed vessel suggesting t 3 : 
the ischemic zone became larger. However, the differ- 
ences in the regional initial fractional distribution of E 
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ndicator (Fig. 3), similar to those observed by others®! 
ith potassium-43, were much larger than expected on 
ie basis of the changes observed in the initial washout 
lopes, suggesting that perfusion to the ischemic areas 
yas markedly nonhomogeneous, with some parts of the 
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after a second injection of xenon, performed during rest. 
In the patients in whom this was possible, the rate of 
washout increased in the myocardium perfused by 
normal vessels but decreased in the ischemic areas (Fig. 
4). This finding indicates that in poststenotic areas, 
perfusion did not increase appropriately to meet local 
metabolic demands and, in fact, was impaired after 
pacing induced angina.?? This observation is important 
because it is possible that, in a vicious cycle, this func- 
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FIGURE 4. Alterations of regional washout slopes induced 
by pacing above the anginal threshold immediately after 

10 the injection of xenon in a patient with critical stenosis 
of the left anterior descending coronary artery (LAD) as 
the unique lesion. Counting geometry remains constant. 
The rate of washout becomes much slower than during 
rest in the areas distal to the obstructed vessel. 
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tional reduction of myocardial perfusion may play an 
important role in the extension and duration of isch- 
emia. An increase of left ventricular diastolic pressure, 
documented in some of our cases, could account in part 
for this functional reduction of perfusion,?? but secon- 
dary vasoconstrictor mechanisms, such as those in- 
volved in the genesis of “spontaneous” angina,?? cannot 
be ruled out. 


Pathogenesis of variant angina: Because of their 
noninvasive nature, the radioactive potassium and 
similar methods?854-56 are suitable for studies of the 
seriously ill patients admitted to the coronary care unit. 
After a series of measurements of myocardial clearance 
of rubidium-86 made with use of a precordial counter?? 
on admission and during recovery in a group of patients 
with acute myocardial infarction and after several 
methodologic studies,?7-? we concluded that only 
imaging devices could provide the desired information. 
They allow the identification of cardiac borders and 
hence the inclusion of the whole heart in the counting 
field, and provide images of the myocardial distribution 
of the indicator. However, quantification of myocardial 
blood flow requires that two additional conditions be 
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while the amount of indicator not extracted during thé 
first myocardial circulation is balanced by the amount 
that reenters the coronary arteries with recirculation; 
and (2) the contribution of intravascular and pericardial 


activity must be subtracted from the counting rate ob- 
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tained over the cardiac area. The available data indicate 
that the first condition is fulfilled only during the first 
1 to 2 minutes after injection. At this time intravascular 
activity is significant and therefore must be subtracted 
according to the method previously proposed.?859 —. 

A series of studies on the pathogenic mechanisms oí 
variant angina, based on continuous right and lef 
ventricular pressure monitoring, failed to reveal a he- 
modynamic change that could increase myocardial 
metabolic demands before the attacks of spontane gi 
angina.?? Therefore we decided to study regional myo- 
cardial perfusion in these patients during the sponta- 
neous anginal attacks. The purpose of our study was to 
investigate whether an acute reduction of myocardi l 
blood supply was responsible for the angina in these 
patients. This possibility was suggested by the angio 
graphic observations during an attack of complete oc- 
clusion by coronary arterial spasms of the vessel that 
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FIGURE 5. Thallium-201 invobaidial scintigrams in the 459 left anterior projection obtained during spontaneous” "angina at left) and under conte 


conditions without angina (right). During angina the electrocardiogram showed marked S-T segment elevation in leads V , to V4. A severe transmural 
deficit of perfusion was observed in the anterior wall and septum during angina. 
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FIGURE 6. Thallium-20 1 scintigram i in a Hmm during S-T segment elevation in leads V; to Vs (left) and under control conditions without angina 
(right). In this patient a severe deficit of perfusion in the anterior left ventricular wall and septum was observed during angina. 
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FIGURE 7. Percent changes in densitometric readings in the ischemic 
and control areas of myocardium. Readings in both areas in the scin- 
tigram obtained in the absence of symptoms are expressed as 100 
percent. In all five cases (four with anterior, one with diaphragmatic 
ischemia), for the same injected dose an obvious reduction in accu- 
mulation of thallium-201 (TL) occurs in the ischemic zones, whereas 
uptake remains constant or increases in the control areas. The actual 
flow reduction in some areas of the ischemic myocardium must be 
much larger than indicated by this measurement. 
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perfused the myocardial territory corresponding to the 
site of S- T segment elevation.’ 

The attacks, although quite frequent (10 to 30/day), 
could not be predicted, and therefore our observations 
were limited to the semiquantitative methods. We in- 
jected equal amounts of thallium-201.(1 mCi) during a 
spontaneous attack and about a week later in the ab- 
sence of symptoms. Life-size scintigrams were obtained 
using a jumbo Toshiba gamma camera and a high res- 
olution collimator in the left anterior oblique, left lateral 
and anteroposterior projections between 5 and 15 
minutes after the injection. The same procedure and 
technique were used in the two measurements. The 
analysis of the myocardial scintigrams was performed 
by visual inspection and by densitometric measure- 
ments on the film. During the anginal attack the injec- 
tion was performed at the time of the appearance of the 
S-T segment elevation and the patient was immediately 
moved (in his bed) to the gamma camera room during 
electrocardiographic monitoring. In the patients studied 
to date, the attack lasted 3 to 5 minutes and was not 
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preceded by changes in heart rate or blood pressure. All 
myocardial scintigrams obtained during the attack 
showed a large transmural zone of reduced thallium-201 
uptake (Fig. 5 and 6). Comparison of regional myocar- 
dial activity in the scintigrams performed at rest and 
during the attack with that in surrounding regions re- 
vealed that the reduction of perfusion to the ischemic 
areas was not related to increased uptake in the healthy 
areas. Thus an absolute reduction of tracer uptake in 
the ischemic areas and not a large increase of uptake in 
the normal myocardium was responsible for the relative 
differences of perfusion observed in the scintigram.99 

Densitometric measurements allowed the quantifi- 
cation of regional thallium uptake (Fig. 7). These den- 
sitometric measurements underestimated the extent of 
ischemia because in the two-dimensional scintigram the 
counts in one area result from all the activity included 
within the solid angle outlined by its borders; it is un- 
likely that ischemia may involve to the same extent the 
myocardium included in the solid angle corresponding 
to the area showing the most obvious deficit of perfu- 
sion. The extent of ischemia is also underestimated on 
the basis of two theoretical considerations: (1) The 
clearance of the potassium tracer is greater at low than 
at high levels of flow®!; (2) the ischemic tissues (if 
ischemia does not persist up to the time of the mea- 
surement) have a greater net extraction of the tracer 
than the normally perfused muscle during restoration 
of normal flow, because of the greater blood-tissue 
gradient (having received less tracer during the period 
of ischemia). 

Although semiquantitative, these regional myocardial 
blood flow studies confirm the hypothesis that variant 
angina is caused by an acute severe transmural reduc- 
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tion of myocardial blood supply as a result of coronary | 
vasoconstriction.??.60 3 


Conclusions 


The interdisciplinary application of nuclear medicine | 
and cardiovascular techniques in the cardiac catheter- - 
ization laboratory and the coronary care unit has con- . 
tributed substantially to the fields of cardiopulmonary 
physiology and pathophysiology. The use of indicator- - 
dilution principles with external counting has provided © 
insight into the hemodynamic control of pulmonary - 1 
blood volume under conditions in which combined right | 
and left cardiac catheterization techniques were not. 3 
applicable. The combined application of caronary à 
catheterization and regional radioisotopic imaging has — 
shown the presence of localized myocardial ischemia in 
patients with critical coronary stenosis at rest and the | 
occurrence of localized functional impairment of myo- | 
cardial perfusion during angina induced by pacing. Fi- 3 
nally, during continuous monitoring in the coronary care: 
unit, myocardial imaging has shown that so- -called — 
variant angina was associated with a massive transmural | 
reduction of regional myocardial perfusion. ee 

We hope that these observations provide a stimulus © 3 
for further applications of nuclear medicine vechri qua 1 
in cardiology. 
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Progress in the development of cardiovascular nuclear medicine can be - 
accelerated by close cooperation between cardiologists and nuclear . 
medicine physicians in the planning, performance and interpretation of - 
diagnostic tracer studies. The special needs of patients with acüte car- 
^ 
diovascular disorders often require supplementation of the hospital's — 
central nuclear medical facility with one or more satellite units in or near - 
the coronary care unit, cardiac operating suite, postoperative intensive - 
care unit or emergency room. Newly emerging noninvasive cardiac di- | 
agnostic laboratories should be equipped to perform certain nuclear | : 
medicine procedures. Selected nuclear diagnostic procedures also can 
provide useful supplemental information during cardiac catheterization . 4 
and angiography. 


Although radioactive tracer techniques were among the earliest nonin- 
vasive procedures for obtaining quantitative information about the 
cardiovascular system, only recent technical developments in nuclear 
instrumentation and radioindicators have brought such studies of the 
heart and circulation into more general clinical use. Many applications, 
while extremely promising, are still investigational and occupy an in- 3 
termediate stage between early clinical testing and broad routine use. 
During this developmental period, in which procedures are constantly ` 
evaluated for their clinical utility, questions arise as to the relative | 
usefulness of the various tests, the priorities for their availability, andi 
the optimal organization of hospital and clinical services for the greatest | 4 
benefit of patients and most efficient utilization of resources. E 
I shall try to answer six questions concerning these matters, recog- | 
nizing that the rate of technologic advances and translation to practice | 
is so rapid that my conclusions may be similarly subject to change. My. 
goal is to provide a matrix for discussion and decision making that can. 


accommodate new developments. à 


Which Cardiovascular Nuclear Medicine Procedures E 
Should Be Available? 3 

The answer to this question depends to a great extent on the patients 
to be served (for example, those with congenital heart disease, acquired - 
heart disease or peripheral vascular disease) and the diagnostic and 
therapeutic procedures to be offered (such as cardiac catheterization, 
coronary arteriography, coronary bypass grafting, acute coronary care, 
reconstructive cardiovascular surgery) (Table I). 

In hospitals and clinics where many patients with congenital heart 
disease are studied, radionuclide angiography for detecting, localizing 
and quantifying intracardiac shunts has proved useful. In institutions 
where reconstructive cardiovascular surgery for congenital heart disease | 
is performed, it is important to have available facilities for radionuclide 
arteriography and venography, regional pulmonary perfusion and ven- 
tilation studies and brain scanning for detecting and localizing cerebral 
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emboli and abscesses. In evaluating patients with ac- 
quired cardiac valve disease, one should have available 
radionuclide angiographic and regional pulmonary 
E ^ studies as measures of pulmonary venous 
hypertension. 

A In assessing the presence and severity of coronary 
artery disease, noninvasive methods for determining 
regional myocardial perfusion at rest and after exercise 
san be helpful. Because regional contractility is a major 
factor in the outcome of coronary bypass surgery, 
studies of ventricular wall motion and performance are 
mportant in planning such surgery. When coronary 
angiography is performed, measurement of regional 
| Gigs) as part of the cardiac catheterization proce- 
dure can give significant physiologic information to 
supplement the structural information about the cor- 
onary arteries. 

_ In acute coronary care units and intensive postoper- 
ative cardiovascular care units of hospitals, the useful- 
ness of certain procedures has either been demonstrated 
or shown considerable promise. These procedures in- 
lude: acute myocardial infarct visualization, radio- 
ardiography for assessing cardiac output and pulmo- 
iary vascular volume with use of pulmonary transit 
time measurements, radionuclide angiography, mea- 
surements of ventricular wall motion and performance, 
assessment of regional pulmonary perfusion and ven- 
tilation and measurement of certain compartmental 
volumes including red cell volume, plasma volume and, 
be lesser extent, exchangeable sodium and total body 


water. 


1 | 
TABLE 




















Where peripheral vascular disease is common, ra- 
dionuclide arteriography and venography and regional 
pulmonary perfusion and ventilation studies for asso- 
ciated thromboembolic disease should be provided. 

Where significant numbers of patients are being 
treated for congestive heart failure with digitalis drugs, 
assays for these pharmaceutical agents should also be 
available. 


Where in the Hospital Should Cardiovascular 
Nuclear Medicine Procedures Be Available? 


In small hospitals several procedures should be 
available routinely in the central nuclear medicine fa- 
cility. As a minimum, small institutions should be pre- 
pared to perform radionuclide angiography, regional 
myocardial perfusion measurements using potassium 
analogs such as thallium-201, radionuclide arteriogra- 
phy and venography, acute infarct imaging, regional 
pulmonary perfusion and ventilation studies, digoxin 
and digitoxin assays, erythrocyte and plasma volume 
measurements and cerebral circulation studies as well 
as renal function measurements. 

The scope of nuclear medicine examinations is so 
great that hospitals caring for many patients with car- 
diovascular disease may elect to have these procedures 
available in more than one location. In hospitals with 
acute coronary care or intensive care units, the capa- 
bility for noninvasive physiologic measurements using 
radionuclide techniques can contribute substantially 
to the care of patients with cardiovascular disease. If a 
scintillation camera cannot be devoted exclusively to 


Principal Cardiovascular Nuclear Medicine Procedures Grouped According to Their Utility in Various Conditions 
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these patients or if a mobile instrument cannot be 
brought from the central nuclear medicine facility, a 
small simply collimated radiation detector or probe can 
be used. Even without more sophisticated data pro- 
cessing, such devices may be used for measurement of 
cardiac output and transpulmonary transit time so that 
pulmonary vascular volume can be estimated. When 
computer facilities are available and can be interfaced 
either by direct access through long distance telephone 
lines or by dedicated data acquisition devices, more 
detailed information can be obtained. With a scintilla- 
tion camera in the coronary care unit one can demon- 
strate acute myocardial infarcts using technetium- 
labeled phosphate compounds or reveal underperfused 
regions of the myocardium using cationic substances 
such as thallium-201. Qualitative radionuclide angiog- 
raphy can be performed to detect acute changes in 
ventricular volumes. Interfacing of the gamma camera 
to a computer allows quantitative measurements of 
ventricular wall motion, stroke volume, ejection fraction 
and regurgitant fraction. 

In postoperative intensive care units nuclear instru- 
mentation is useful in treating patients who have had 
reparative or reconstructive surgery for congenital heart 
disease, particularly left to right shunts; pulmonary 
dilution curves obtained sequentially after surgery can 
be used to determine whether shunt closure has been 
maintained; when there has been translocation of major 
blood vessels to augment or restore pulmonary blood 
flow, patency of such vessels can be ascertained. Such 
assessment can often be made with use of a simple 
nonimaging detector alone. A scintillation camera 
provides the opportunity for measuring regional ven- 
tilation and perfusion of the lungs as well as ventricular 
wall motion and ejection fraction. The procedures useful 
in the coronary care unit are also helpful in the post- 
operative care of patients who have had coronary bypass 
surgery. In addition to the ability to measure ventricular 
wall motion and myocardial perfusion, the ability to 
measure regional ventilation and perfusion of the lungs 
is useful in patients in whom prolonged postoperative 
bed rest increases the threat of pulmonary embolism, 
atelectasis or pneumonia. 


TRAFFIC 









BOOKING : 

RECEPTIO 

WAITING | 
i 





PATIENT 
TRAFFIC 


FIGURE 1. Functional relations 
among the elements of the diag- 
nostic nuclear medicine process. 
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Nuclear medicine procedures can be used in the 
cardiac operating room to evaluate the results of surgery | 
before the chest is closed. This is particularly useful in | 
complex reconstructive operations for congenital heart | 
disease; for example, the patency of intracardiac com- | 
munications and vascular channels can be determined. | 
The pulmonary dilution curve can also be used to de- - 
termine whether a shunt has remained closed. Special 
devices can be used to assess the functioning of coronary — 
bypass grafts at the time the anastomosis is com- 
pleted. 

In busy cardiac clinics or noninvasive cardiac facili- 
ties, nuclear medicine procedures can be used to obtain 
important diagnostic information. For example, the - 
quantitative radionuclide angiocardiogram is a’simple E 
method for following the status of left to right shunts, - 
particularly in patients with a ventricular septal defect. 
In clinics where many patients with acquired heart 
disease are seen, nuclear procedures make it possible to — 
evaluate ventricular wall motion and function, pulmo- | 
nary vascular volume and regional myocardial perfu- : 
sion. When symptomatic patients are being screened | 
for coronary artery disease, myocardial perfusion before 
and after exercise can be evaluated in conjunction with. 
electrocardiographic studies. 

Nuclear procedures can also add information to diei i 
data obtained at cardiac catheterization and angiogra- — 
phy. Labeled radioactive microspheres can be injected — 
to delineate the relative perfusion to various parts of the 1 
myocardium during rest and after induced hyperemia. © 
Alternatively, radioxenon or related radioactive gases, - 
such as krypton-81m, can be injected to obtain an esti- - 
mate of regional blood flow in relation to morphologic : 
evidence of disease as seen in the angiographic and 
ventriculographic studies. The combination of coronary — 
arteriography, ventriculography and nuclear studies | 
gives a more comprehensive picture of the state of cor- . 
onary circulation and its related physiology than non- 
nuclear studies alone. 4 

In busy emergency rooms where the movement of | 
patients can be time-consuming and hazardous, it is. 
often useful to have nuclear capabilities available. In : 
addition to the detection of pulmonary embolism, nu- | 
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clear procedures can help detect acute coronary 
‘thrombosis with myocardial infarction, evaluate acute 
cardiac emergencies such as papillary muscle rupture 
and, in infants, help in the differential diagnosis of 
Eerdiac and pulmonary sources of cyanosis. 
k A major characteristic of nuclear medicine procedures 
is that they are noninvasive and thus can be used early 
nd often in the diagnostic process. Although the ma- 
ority of patients seen in a central nuclear medicine fa- 
'cility today come from the inpatient medical service, it 
is likely that in the future increasing numbers of pa- 
tients will come from ambulatory outpatient services. 
"herefore, the central facility should be easily accessible 
to outpatients. Radiation shielding and structural re- 
‘quirements are minimal and should not be considered 
‘obstacles to locating the facility close to patient 
areas. 


3 ‘How Should Cardiovascular Nuclear Medicine 
4 Facilities Be Designed? 


E _ The performance of nuclear medicine procedures in 
Ithe coronary care unit, intensive care unit, cardiac op- 
erating room, catheterization-angiographic laboratory 
or emergency room requires the immediate availability 
of specialized equipment and committed storage space 
for instruments and radiopharmaceutical agents. When 
'these facilities are at some distance from the central 
‘nuclear medicine unit, the equipment must be used 
frequently enough to maintain adequate quality in the 
‘performance of the tests. 

he In the central nuclear medicine facility as well as in 
‘satellite nuclear medicine units, the functional relations 
at various stages of procedure preparation, examination 
‘and communication are demonstrated in Figure 1. The 
details of spatial requirements are given elsewhere. ! 






E What Equipment and Supplies Are Necessary? 


_ The most generally useful piece of equipment for 
'cardiovascular nuclear medical studies is the scintilla- 
tion camera. Because of the spatial and temporal reso- 
lution required for cardiovascular work, especially of 
regional myocardial blood flow and radionuclide an- 
giocardiography, the newest generation of scintillation 
‘camera systems is recommended. These systems should 
have a spatial resolution of 6 mm or better in the range 
‘of 120 to 200 keV, measured as the full width at half 
maximum of line spread functions with a radioactive 
'source at the face of the collimator. Count rates of up 
'to 100,000 counts/sec should be obtained without ex- 
pve dead-time losses. 

The availability of a digital computer greatly en- 
E... the utility of many cardiovascular studies. The 
‘computer facilitates the obtaining of certain quantita- 
tive measurements such as stroke volume and ventric- 
‘ular ejection fraction and improves image quality, 
thereby facilitating demonstration of regional abnor- 
malities in ventricular wall motion. A “hard wire” spe- 
cial purpose system or a general purpose programmable 
computer can be used. 

Nonimaging detectors, sometimes called “probes,” 
can be used instead of scintillation cameras to measure 
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cardiac output, ejection fraction, left to right shunting, 
transpulmonary transit time and arteriovenous 
shunting in the peripheral circulation. When such a 
device is used for radiocardiography, it must be 
equipped with special collimators and provide for a 
rapid temporal response. Dose calibrators are necessary 
to assess the activity of the radiopharmaceutical agents 
used for in vivo procedures. The performance of in vitro 
tests (such as drug and hormone assays) and measure- 
ment of compartmental erythrocyte and plasma vol- 
umes requires a scintillation well counter. 

Cardiovascular nuclear medicine studies require that 
a number of short-lived radiopharmaceutical agents be 
available on a continuing or contingency basis. These 
include technetium-99m as pertechnetate, technetium 
albumin or technetium red blood cells. If technetium 
albumin is used for quantitative studies of ejection 
fraction, it is important that no significant quantities 
of unbound technetium be present. Because of dif- 
ficulties in obtaining suitable technetium albumin 
preparations, some clinics have been using technetium 
red blood cells labeled in vivo as an intravascular indi- 
cator. 

Acute myocardial infarcts can be delineated with 
various technetium-labeled chelates, but at the present 
moment the phosphorus compounds such as pyro- 
phosphates and diphosphonates seem to give the best 
results. For noninvasive assessment of regional myo- 
cardial perfusion, the monovalent cations thallium-201 
or rubidium-81 are preferable. For regional myocardial 
and pulmonary blood flow as well as regional pulmonary 
ventilation studies, xenon-133 is most commonly 
available although xenon-127 has important physical 
advantages, and krypton-81m may soon be available. 
The advantage of the latter is its 13 second half-life. 
Technetium and iodine-131 or indium-113m labeled 
particles are used for myocardial perfusion studies 
during coronary arteriography and for peripheral ar- 
teriographic examinations. 

The computer programs for certain cardiovascular 
nuclear medicine examinations are now well established 
and some of these are currently available in “hard- 
wired" systems. The manufacturers of these systems 


TABLE Il 


Personnel Requirements for Cardiovascular Nuclear 
Medicine Services 


Staff Duties 


Clinical 
Escort messengers 
Receptionists 
Technologists 


Transportation of patients 

Scheduling, reception 

Procedure planning, radiopharma- 
ceutical administration, data accu- 
mulation, data processing 


Physicians Procedure planning, radiopharma- 
ceutical administration, interpre- 
tation, reporting, consultation 

Support 


Radiopharmaceutical develop- 

ment and preparation 
Nuclear medicine physicists Acquisition and maintenance 
Clerks Report preparation 


Nuclear medicine chemists 
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will attempt to provide the newer computer codes as 
they become available. For the present, laboratories 
with general computer facilities may make use of newer 
codes documented and distributed by the Computer 
Committee of The Society of Nuclear Medicine. 


What Personnel Are Required to Perform 
These Studies? 


Because nuclear medicine procedures require 
knowledge of advanced nuclear and computer tech- 
nology, physiology and pathophysiology, and clinical 
judgment, personnel with diverse expertise are needed 
(Table II). In general, personnel can be divided into two 
groups, those who deal directly with patients (the clin- 
ical staff) and those who deal only indirectly with pa- 
tients (the support staff).? There is of course some 
overlap in their activities. 

Nuclear medicine physicians and cardiologists eval- 
uate patients before every diagnostic study, supervise 
the technical aspects of the study (for example, advising 
technologists on the adequacy of the data obtained), 
interpret examination results and consult with referring 
physicians. If a physician's duties are restricted to these 
activities, he should be able to care for 12 to 20 patients 
a day. 

Technologists must understand the basic principles 
of radiation physics and radiopharmaceutical chemistry 
as well as the fundamentals of nuclear instrumentation. 
They should be experts in the operation of nuclear in- 
struments and be able to perform calibration checks, 
quality control procedures and minor maintenance 
duties. T'hey should understand the problems of caring 
for sick people and their families, be skilled in patient 
positioning and know sufficient anatomy and physiol- 
ogy to understand the morphophysiologic basis of nu- 
clear procedures and the consequences of patient and 
position variation. They should know sufficient radia- 
tion hygiene to minimize staff and patient radiation 
exposure and to perform simple decontamination pro- 
cedures. Because certain cardiovascular procedures are 
performed on an emergency basis and cannot be re- 
peated without some degradation of information, it is 
essential that technologists who perform these proce- 
dures have adequate experience. On the average, one 
technologist can assume responsibility for 8 to 10 major 
in vivo procedures a day. 

In many clinics an experienced technologist prepares 
the radiopharmaceutical agents but in major medical 
centers this task is generally performed by a radio- 
pharmaceutical chemist or radiopharmacist. This is 
particularly true when special radioindicators need to 
be prepared. 

The services of a nuclear medicine physicist should 
be available on a full or part time basis. His responsi- 
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bilities include radiation safety, quality control of in- 
strumentation, teaching of medical physics and nuclear 
instrumentation and translation of new technology to — 
practice. Skills in computer programming are also de- : 

sirable. The maintenance of nuclear medicine equip- b. 
ment, whether performed in-house or under service. 


contract, should be under his jurisdiction. E 
How Should Cardiovascular Nuclear Medicine 4 
Be Administered? E 


s 


The planning, performance and interpretation o£ : 
cardiovascular nuclear medicine studies require, in. 
addition to sound clinical judgment, a broad and in-. 
tensive knowledge of nuclear medicine instrumentation, | 
radiopharmaceutical agents and cardiovascular physi- 
ology. Radionuclide cardiovascular procedures demand | 
the utmost in nuclear medical sophistication: an in- 
depth knowledge of the capabilities and limitations of. 
instruments, detailed understanding of tracer kinetics 
and the vagaries of radioindicators and familiarity with 
data processing, usually by digital computer, of physi- 
ologic and morphologic data. Clinically, the demands ` 
are equally as great because many of the patients | 4 
studied are extremely ill, have complicated patho- 
physiologic problems, and require the most exacting | | 
cardiologic judgment-making, including decisions about 5 
the performance and timing of cardiac surgery. It is- 
possible that these intellectual and technical require- 
ments can be met by a single person such as a cardiol- d 
ogist with special training in nuclear medicine or a 
specialist in nuclear medicine who has spent an equali 
time in the study of cardiovascular disease. Today, ` 
however, these skills more probably will require the 
active collaboration of two or more specialists. ES 

Therefore, performance of cardiovascular nuclea 
studies should be a joint responsibility, shared by spe- 
cialists in nuclear medicine and cardiologists who accept 
the obligation to keep abreast of advances in this ran 
changing field, particularly with regard to instrumen- - 
tation and methodology. The technical aspects of ex- 
aminations, from the preparation of radiopharmaceu-_ 
tical agents to the selection of instrumentation and the | 
supervision of technologists, are clearly in the domain — 
of the nuclear medicine specialist. With his training, he 
should also be responsible for the safety, technical A 
performance and quality control of the unit. The se- - 
lection of procedures to be performed, the location of. 
cardiovascular nuclear medicine facilities and the 
planning of examinations for individual patients must | 
be a cooperative effort between cardiologists and their | 
nuclear medicine colleagues. If either cardiologists or | 
nuclear medicine specialists attempt to operate this | 
satellite service independently, it will probably fail or. 
perform ineffectively. 
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Artist's conception of heart with 
changes typical of congestive failure. 
Note pronounced left ventricular 

hypertrophy. 


In congestive heart 


failure... 


aldosteronism promotes 


edema. “The hyperaldosteronism 
present in the majority of patients with 
congestive heart failure...explains the low 
sodium excretion in urine, sweat, and saliva. 
Ultimately, of course, this retention of salt 
and water leads to edema." 


Aldactone (spironolactone) 
combats aldosteronism... 
promotes diuresis. 


“By administering spironolactone [Aldactone] 
over, say, three or four weeks, one may 
actually induce a greater sodium and water 
loss than with more powerful natriuretic 
agents... ^ 


Effective diuresis in 








edema of congestive heart failure 
Aldactone «costo... 


lil Produces gradual, positive, sustained diuresis, usually without 


causing acute volume depletion, and without rebound fluid retention. 


lil Helps prevent potassium loss which may contribute to 
arrhythmias and digitalis toxicity. 


See next page for brief summary of prescribing information. 
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| In congestive heart failure 





. . Indications —Essentiol hypertension; edema of congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome and idiopathic edema. Some 
" patients with malignant effusions may benefit from Aldactone (spironolac- 
E tone), particularly when given with a thiazide diuretic. 
| Contraindications — Acute renal insufficiency, rapidly progressing impair- 
I$. ment of renal function, anuria and hyperkalemia. 
7. . Warnings —Potassium supplementation may cause hyperkalemia and is 
L... not indicated unless a glucocorticoid is also given. Discontinue potassium 
. supplementation if hyperkalemia develops. Usage of any drug in women of 
~ childbearing age requires that the potential benefits of the drug be weighed 
= against its possible hazards to the mother and fetus. 
| Ina 78-week chronic toxicity study, rats were given daily oral doses of 
= Spironolactone approximately 30, 90 and 300 times the usual daily human 
E- therapeutic dose (100 mg. per day). The results of this study demonstrated 
"a dose-related, statistically significant increase in the occurrence of benign 
E odenomas of the testes and thyroid gland. Similor findings have not been 
~ demonstrated in other animal studies. In view of the marked differences 
£ inspironolactone metabolism by the rat and by man, the relationship of this 
finding to the possible development of tumors in humans is unknown. 
= Precautions —Patients should be checked carefully since electrolyte im- 
E... balance may occur. Although usually insignificant, hyperkalemia may be 
~~ Serious when renal impairment exists; deaths have occurred. Hyponatremia, 
~ manifested by dryness of the mouth, thirst, lethargy and drowsiness, to- 
~ gether with a low serum sodium may be caused or aggravated, especially 
» when Aldactone is combined with other diuretics. Elevation of BUN may 
occur, especially with preexisting renal impairment. Mild acidosis may occur. 
C$. Reduce the dosage of other antihypertensive drugs, particularly the gangli- 
—— oni blocking agents, by at least 50 percent when adding Aldactone since it 
» potentiates their action. The physician should be alert to the possible onset 
' of gynecomastia. 
E Reactions — Drowsiness, lethargy, headache, diarrhea and other 
A gastrointestinal symptoms, maculopapular or erythematous cutaneous erup- 
2. tions, urticaria, mental confusion, drug fever, ataxia, gynecomastia, inability 
© to achieve or maintain erection, androgenic effects, including hirsutism, 
"irregular menses and deepening voice. Adverse reactions are usually reversi- 
» — ble. In rare instances gynecomastia may persist. 
|. Dosage and Administration —For essential hypertension in adults the 
"initial daily dosage is 50 to 100 mg. in divided doses. Aldactone may be 
~~ combined with a thiozide diuretic if necessary. Continue treatment for 
D... two weeks or longer since the maximal response may not occur sooner. 
_ Adjust subsequent dosage according to response of patient. 
For edema in adults initio! daily dosage is 100 mg. in divided doses. 
Continue medication for at least five days to determine diuretic response; 
_ add a thiazide or organic mercurial if adequate diuretic response has not 
- occurred. Aldactone dosage should not be changed when other therapy is 
_ added. A daily dosage of Aldactone considerably greater than 75 mg. may 
-. be given if necessary. 
A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desir- 
_ able for patients with extremely resistant edema which does not respond 
~ adequately to Aldactone and a conventional diuretic. Observe the usual 
_ precautions applicable to glucocorticoid therapy; supplemental potassium 
will often be necessary. Such patients frequently have an associated 
_ hyponatremia—restriction of fluid intake to 1 liter per day or adminis- 
- tration of mannitol or urea may be required (these measures are contra- 
- indicated in patients with uremia or severely impaired renal function). 
< Mannitol is contraindicated in patients with congestive heart failure, and 
= ured is contraindicated with a history or signs of hepatic coma unless the 
_ patient is receiving antibiotics orally to “sterilize” the gastrointestinal tract. 
-Glucocorticoids should usually be given first to patients with nephrosis 
: since Aldactone, although useful for diuresis, will not directly affect the 
- basic pathologic process. 
_ For children the daily dosage should provide 1.5 mg. of Aldactone per 
pound of body weight. 
. References: 
-.. V. Genest, J., and Nowar, T.: Clinician: Congestive Heart Failure, Medcom' 
Learning Systems, New York, Medical Communications, Inc., 1972, pp. 42-49. 
2. Loragh, J. H.: Hosp. Pract. 5:43-50 (Nov.) 1970. 
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For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 
Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 
Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. Y 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 

New York, N.Y. 10019 


Send me the following symposium reprints: 


O Electrophysiologic Correlates of 


Clinical Arrhythmias ........... $8.00 
D Pre-Hospital Phase of Acute 

Myocardial Infarction ........... $6.00 
O Human Heart Transplantation . . . $6.00 
(3 Cardiac Tumors: o 80x s T conr $6.00 
O Coronary Care Units ........... $6.00 


Enclosed is my check for $ 


Name 


Address 


City State Zip 


(Please add appropriate sales tax if in New York State and 
New York City) 
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Architect rendering of HEART HOUSE Sun construction in Bethesda, nouo m the pony College of Cardiol 


America's heartland is still being built. a 


You will know it as Heart House. Soon to be depend upon your professional progress. As an 
realized on ten acres of hard work and hope in incomparable learning laboratory for physicians, and as . 
the Bethesda countryside, it will be the national the national headquarters of the American College of 
continuing education center dedicated to the Cardiology, Heart House will catalyze the development 
diagnosis, treatment and eventual prevention of of all types of educational materials and circulate them | 
cardiovascular disease. throughout the world. | ^ 
; Help build and equip Heart House through 3 
Heart House is for you, Doctor. either a 36-month Pledge or a tax-deductible | 
As it is for both those who will follow and those who enclosure now. 


| would like to help build and equip HEART HOUSE. [] Please find my gift or pledge enclosed ^" € 11/768. 
C] Please send me additional information on HEART HOUSE, including memorial and ; 
honorary gift opportunities. 


Name: 





Address: 5° a 














Amount Pledged or Enclosed: __ Date: — 


Pledges payable over three years are welcome. Make checks payable to the American College 
of Cardiology. 


Send your tax-deductible contribution to: 
HEART HOUSE, American College of Cardiology HEART 
9650 Rockville Pike, Bethesda, Maryland 20014 HOUSE 
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Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, and 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


The only major new 
combination antihypertensive 
in a decade 
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Please see brief summary of the prescribing intormation including precautions, warnings, adverse reactions. 
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Combipres o..e 


Each tablet contains: 
Catapres? brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses“ 


- Works in mild to severe 


hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity tc chlorthalidone and patients with 


severe renal or hepatic diseases. — - 

Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/ day), fruit juice and bananas should 
be given. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise, nA 
sea, vomiting, parotid pain, mild transient abnor- 
malitiesin liver function tests; one case of possible 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine  - 
hydrochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; | 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, _ 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the | 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 2 
alcohol, dryness, itching or burning of the eyes, " 
dryness of the nasal mucosa, pallor, gynecomas- - 
tia, weakly positive Coombs’ test, asymptomatic ' 
electrocardiographic abnormalities manifested 1 
as Wenckebach period or ventricular trigeminy. * 
Chlorthalidone: Symptoms such as nausea, gas- _ 
tric irritation, anorexia, constipation and cram j 
ing, weakness, dizziness, transient myopia and 
restlessness are occasionally observed. Head- — 
ache and impotence or dysuria may occur ud 
Orthostatic hypotension has been reported and > 1 
may be potentiated when chlorthalidone is com- | 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been ' 
reported in a few instances. 4 
A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- 
consistently. This condition, usually reversible on — 
discontinuation of therapy, responds to control | 
with antidiabetic treatment. Diabetics and those — 
predisposed should be checked regularly. s 
As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be | 
observed on occasion and acute attacks of gout — 
have been precipitated. In cases where pro- ; 
longed and significant elevation of blood uric | 
acid concentration is considered potentially de- . 
leterious, concomitant use of a uricosuric agent | 
is effective in reversing hyperuricemia without — 
loss of diuretic and/or antihypertensive activity. 3 
Idiosyncratic drug reactions such as aplastic — 
anemia, thrombocytopenia, leukopenia, agranu- - 
locytosis, and necrotizing angiitis have occurred, 
but are rare. 3 
The remote possibility of pancreatitis should be- 
considered when epigastric pain or unexplained - 
gastrointestinal symptoms develop after pro- 
longed administration. 
Other adverse reactions which have been 
reported with this general class of compounds | 
include: jaundice, xanthopsia, paresthesia 
and photosensitization. a 
Overdosage: Catapres (clonidine hydrochloride): 3 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by _ 
several children from 19 months to 5 years of | 
age. Gastric lavage and administration of an ana- 
leptic and vasopressor led to complete recovery j 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 1 
effects of Catapres overdosage. } 
Chlorthalidone: Symptoms of overdosage include > 
nausea, weakness, dizziness, and disturbances _ 
of electrolyte balance. There is no specific anti- - 
dote, but gastric lavage is recommended, fol- | 
lowed by supportive treatment. Where necessary, - 
this may include intravenous dextrose and saline © 
with potassium administered with caution. | 
How Supplied: Combipres® 0.1 (Each tablet 4 
contains clonidine hydrochloride 0.1 mg + 4 
chlorthalidone 15 mg). It is available as pink, 4 
oval, single-scored compressed tablets in bottles - 
of 100. J 
Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). 
It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. l 
For complete details, please see full prescribing . 
information. 1 
Under license from Boehringer Ingelheim GmbH | 


Boehringer Ingelheim d 
Boehringer Ingelheim Ltd. : 
Elmsford, New York 10523 1 
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Introduction 


JOHN H. LARAGH, MD 
E 
‘New York, New York 


n this issue we present the third section of a Sympo- 
p" devoted to various aspects of the problem of high 


g reatest challenge yet afforded to physicians for pre- 
ventive cardiology. 
In part I of this Symposium,! new information was 
presented about the important role of beta adrenergic 
locking drugs in the modern treatment of hyperten- 
n. When these drugs were first introduced some 10 
years ago, they were used to treat cardiac arrhythmias 
and angina pectoris; animal research had provided no 
clue to their value in treating high blood pressure. In 
fact, in clinical studies these drugs had an undistin- 
uished history as antihypertensive agents; many early 
E described partial Or questionable benefit. An 
important factor in their reevaluation in the United 
States was the relatively recent observation of their very 
powerful action in reducing renal renin secretion. It was 
thought that this action might largely explain the an- 
tihypertensive effectiveness of these drugs and, if renin 
Jevels were used as a baseline marker, might also tell the 
clinician which patients were likely to respond to this 
treatment. 
1 In the second section of the Symposium? more in- 
ormation was provided on the burgeoning role of renin 
profiling in providing the clinician with baseline data 
b: 
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for use in planning drug therapy. In addition, the timely 
subject of childhood hypertension and some new in- 
formation about the physiology of renin secretion and 
of different chemical forms of renin was provided with 
a discussion of the clinical implications. 

In this part III of the Symposium we present some 
timely reviews of findings and their clinical implications. 
First, Meneely and Battarbee review our state of 
knowledge with respect to the role of dietary electrolytes 
in the pathogenesis or induction of human and experi- 
mental hypertension. It is clear that salt appetite in 
“civilized” man is at least in part a phenomenon of 
custom. Probably the sodium intake is too high in most 
civilizations but critical experiments are necessary to 
determine whether massive efforts should be made to 
change it and, if so, what the optimal levels for sodium 
and potassium intake really are. Another important 
related question that needs solution relates to the issue 
of ideal dietary salt intake in patients receiving various 
types of antihypertensive therapy. 

Hollander reviews another critical subject, the i im- 
portant role of hypertension in inducing or amplifying 
the progress of atherosclerotic disease, particularly that 
involving the heart and the brain. Although high blood 
pressure is known to be a major risk factor in cardio- 
vascular disease, the exact nature of its effect remains 
to be defined. Hollander presents, quite objectively, the 
various factors now implicated and gives the reader 
suggestions for future approaches. 

DeQuattro and his colleagues from Los Angeles 
present new information indicating that the large ma- 
jority of patients with high renin forms of hypertension 
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also have raised plasma catecholamine levels whereas 
those with low renin levels rarely exhibit this abnor- 
mality. This observation could be crucial to investiga- 
tors interested in the possibly important link between 
sympathetic nervous system activity and renin secretion 
by the kidneys. The observation may also provide a 
further basis for understanding the unique effectiveness 
of sympathetic blocking drugs, beta blocking drugs in 
particular, in high renin forms of hypertension and 
relative lack of effectiveness in low renin states. 

The next two papers deal with a problem now being 
intensively studied by several laboratories in the United 
States and abroad: the possible role of an as yet un- 
identified adrenocortical mineralocorticoid in causing 
some fraction of what is known as essential hyperten- 
sion. First, Melby and Dale review their research and 
present their current position on this question. They are 
convinced that increased secretion of certain miner- 
alocorticoids can initiate or perpetuate hypertension in 
man. In addition they view positively the possibility that 
16-beta-hydroxy dehydroepiandrosterone (16 6-OH- 
DHEA) may also be a factor in animal and in human 
hypertension. 

Ulick offers a contrasting view. On the basis of his 
own extensive steroid biochemical studies in relation 
to clinical medicine, he presents a rather convincing case 
against any possible role of 18-hydroxy DOC in human 
hypertension. Thus, although it is possible that an un- 
identified steroid may be a factor in human hyperten- 
sion, I believe that at present, the clinician is forced to 
view with caution and circumspection any tentative 
claims of a causative relation. On the other hand, this 
area of research should be pursued with vigor until all 
possibilities have been thoroughly examined. Indeed, 
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the ultimate role of known steroids such as Sidosten 1 
or even cortisol in the pathogenesis of human hyper- 
tension also remains to be fully explored and clari- 1 
fied. : 
In the final paper of the Symposium, Weber and his 
colleagues of our group analyze the mechanism of actio 
of clonidine in the various subgroups of essential hy- 
pertension. Using renin profiling to classify these pa- 
tients, they demonstrate that clonidine may have at 
least two mechanisms of antihypertensive action in 
man. The first seems to be related to suppression of $ 
renin secretion and produces impressive antihypeér- 
tensive action in most patients with high and normal ` 
renin levels. A second and more delayed antihyperten- | 3 
sive effect is manifest in all hypertensive patients after 
4 or 5 days of treatment and is clearly due to mecha- - 
nisms other than renin. This latter action accounts for - 
the effectiveness of the drug in hypertensive patients - 
with low renin levels. This longer-term antihypertensive q 
action seems to be related to the inhibition of aldoste- 
rone production consequent to renin suppression, which j 
minimizes long-term reactive volume retention during 
treatment. The study illustrates that with further use. 
of renin and aldosterone profiling it will soon be possible - 
to dissect out with more precision various components 
of the antihypertensive action of various drugs, which : j 
in turn should lead to simpler and more specific toria 
of therapy. 
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The high sodium-low potassium environment of civilized people, operating 
on a genetic substrate of susceptibility, is the cardinal factor in the genesis 
and perpetuation of "essential" hypertension. The noxious effects begin 
in childhood, when habits of excess salt consumption are acquired at the 
family table, and are perpetuated by continuing habit and by increasing 
use of convenience and snack foods with artificially high concentrations 
of sodium and low levels of potassium. Present methods of food prepa- 
ration leach out the protective potassium. Extradietary sodium chloride 
is a condiment, not a requirement. Some primitive populations clearly 
preferred potassium chloride to sodium chloride. 

Chronic expansion of extracellular fluid volume induced by excess salt 
consumption causes the central and peripheral circulatory regulatory 
mechanisms to work at cross purposes, resulting in increased arterial 
pressure. The protective effect of potassium is dramatic and easily de- 
monstrable in animals and man but its mechanism is not known. It cannot 
be entirely a direct effect on blood pressure because rats protected with 
extra potassium against a moderately high salt intake live much longer 
than control rats but have the same elevated blood pressures. In hyper- 
tension with a demonstrable “cause,” the high sodium-low potassium 
environment makes a bad matter worse. 

In nature, feral man and his forebears were not confronted with ex- 
cessive sodium and deficient potassium; indeed, the reverse was the case. 
Evolution has provided powerful mechanisms for conserving sodium and 
eliminating potassium, but no efficient physiologic mechanisms for con- 
serving potassium and eliminating excess sodium. Most laboratory animal 
"control" diets contain an amount of sodium that fully suppresses aldo- 
sterone secretion, and the same is true of the “average” diet of the 
American people. Inadequate attention to dietary sodium and potassium 
makes many studies in both animals and man of uncertain validity. 

Internally, essential hypertension is an exceedingly complex mosaic 
of physiologic interactions. Viewed from outside, it is a disorder for which 
genetic material sets the stage; excessive sodium precipitates it and 
perpetuates it. Extra salt makes all forms more rapidly progressive and 
accelerates the onset of terminal events; extra potassium is everywhere 
protective. When an entire population eats excessively of salt, hyper- 
tension will develop among those genetically susceptible, but epidemi- 
ologic studies of salt versus blood pressure will not show a relation of salt 
to hypertension. This is the saturation effect. 

Low sodium diets are therapeutically effective but generally regarded 
as an impossible or an unnecessary nuisance. Effective prevention pro- 
grams must be instituted at as early an age as possible. The efficacy of 
a prophylactic/therapeutic low sodium-high potassium diet should be 
weighed against the uncertain hazards of a lifetime of pill taking. 
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[There is another way to truth: by the minute examination of 
facts. That is the way of the scientist: a hard and a noble and 
a thankless way. 


John Masefield, 1924.] 


Elevated blood pressure is not a disease, it is a physio- 
logic observation. Guyton and his co-workers! convey 
the idea succinctly: “. . . arterial pressure is the summed 
effect of the many different participating [physiologic] 
mechanisms.” When elevation of the arterial pressure 
is persistent, we speak of hypertension. Physicians have 
long recognized that the sequence of events thereby set 
in train usually leads to impairments that are most 
significant ultimately in the eye, brain, heart or kidneys, 
alone or in combination. Sometimes a “cause” such as 
pyelonephritis can be found for the persistent elevation 
of blood pressure; more often it cannot. In this review 
we are concerned with the majority of hypertensive 
patients, those whose hypertension is essential and has 
no demonstrable cause. 


Classification of Hypertensives 


The etiologic classification of hypertensive subjects 
thus leaves the largest fraction unclassified, those whose 
disorder is, as described by Edgar Hull, idiopathic, 
cryptogenic and of unknown origin. Recent efforts at 
physiologic classification have more promise—for ex- 
ample, classification according to low, normal or high 
plasma renin activity.^? In a recent editorial Krakoff* 
hopes that “expanded approaches to the pathogenesis 
of high blood pressure will eventually cause the term 
‘essential’ to be dropped from our vocabulary . . . so that 
we can direct our attention to. . . [the] specific cardio- 
vascular disorder and its appropriate management." 
However, there are forbidding obstacles. If one exam- 
ines a schema of Guyton's systems analysis of the con- 
trol of blood pressure, one sees that there are a rather 
large number of “participating mechanisms," any or all 
of which may go wrong and usually in several different 
ways.!> The technical methods of control systems 
analysis are more familiar to engineers than to physi- 
cians but it is easy to predict, without much expertise 
in this matter, that the ultimate pathophysiologic 
classification will be complicated. In examining the fine 
structure of these systems, there is some danger that we 
may lose sight of some larger, simpler, perhaps more 
immediately urgent aspect of the problem. It is the 
purpose of this review to develop a thesis: that the high 
sodium-low potassium environment, operating on an 
appropriate genetic substrate, is a cardinal factor in 
“essential” hypertension and that, even among those 
whose hypertension is of known cause, a high sodium- 
low potassium environment usually makes a bad matter 
much worse. 

'The incidence of hypertension is large among adults 
whose parents were hypertensive. As Pickering? states, 

*... you tend to resemble your parents and the resem- 
blance is quantitative ....” If both parents have hy- 
pertension, it will probably develop in two of three of 
their children; if only one parent has hypertension, it 
is likely to occur in one of three. Although hypertension 
represents a “disease of degree," 9? one can make 
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statements about what the future is likely to hold ford 
those whose pressures are in the upper ranges. Since the | 
work of Janeway? in 1913, it has been known that death - 
tends to occur sooner in persons with higher arterial - 
pressures. At any level of elevated pressure, the younger — a 
the age, the greater is the reduction in life expectancy.!? - 
Sixteen percent of the American population aged 18 to 2 
79 years has systolic blood pressure of 160 mm Hg or 
greater, or diastolic pressure of 95 mm Hg or greater, or - j 
both,!! and the prevalence rate of hypertension ranges | 
up to 40 percent in older age groups.!?? When diastolic | 3 
pressure is 105 mm Hg or more, the risk of a first major * 
coronary event is four times greater than when it is less — B 
than 85 mm Hg.!4 There are said to be 23 million — à 
Americans with high blood pressure. Life insurance . 
underwriters have never had any illusions about the - 
prognostic significance of hypertension.!^ Millions of | 
children and youth can expect to have hyperten- . 
sion.!6 4 
It has become evident that children and young people — 
who have blood pressures at the “upper limits of nor- — 
mal" are particularly prone to hypertension in adult- ] 
hood. An appreciable fraction of this group may be hy- — 
pertensive already, but the “upper limits of normal" at - a 
their age level is blurry. Generally, it is true for any 3 
young person that the higher the blood pressure, the 
more likely it is that frank hypertension will develop in - 
middle or older middle age. This phenomenon, com- 
monly called “tracking,” i is also seen in animal models.!" 
Thus, there is a sort of sliding scale of ded ecd 
probability of the development of significant hyper- - 
tension as one moves from subjects with values in the — 
highest deciles toward the larger majority of subjects | 
with values in the middle quartiles. Nevertheless, - 
among those with values in the higher ranges are some — 
who will not become hypertensive, and in among those | k 
with values in the mid and lower ranges, many who will. - 
Blood pressure measurement alone does not suffice to d 
identify objectively and definitively those who stand in — 
serious threat of future clinically significant hyperten- 
sion. Criteria that address the underlying physiologic 
defect are needed to identify these young people. There 
are good reasons to believe that excessive dietary sodi- 
um and deficient dietary potassium play a cardinal role - 
in the genesis of hypertension among the large fraction - 
of our population which has a hereditary susceptibility — 
to it. Further evidence indicates that the noxious effect - 
begins in childhood where, as Dahl et al.!5/? have 
pointed out, the habit of excess salt consumption is - 
acquired at the family table. Meanwhile, the present 
methods of preparation of food, both in the home and - 
before it arrives there, deplete the protective potassi- 
um. : 
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Mechanisms of Hypertension (High Sodium-Low 
Potassium Diet) 


The hypothesis we propose to explore is that exces- - 
sive consumption of dietary sodium chloride, coupled - 
with diminishing dietary potassium (the “high so- 
dium-low potassium environment), induces an increase 
in the extracellular fluid volume that in turn, among 
those with appropriate genetic propensity for it, brings 
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- on hypertension. Data from animal models, studies of 
physiologic systems interactions, studies of populations 
and evidence of the therapeutic efficacy of both low 

- sodium-high potassium diets and the therapeutic effi- 

_cacy of saluretic diuretic agents overwhelmingly support 
this hypothesis. 

— Guyton and his co-workers!*29.2! have been the 
| principal developers of the systems analysis approach 
- to an understanding of the control of arterial pressure 
and hypertension. Page?? considers hypertension a 
mosaic. Guyton's analysis in a sense describes the tes- 
serae, assesses a magnitude of influence for each and 
tells how it contributes to the realization of the cartoon. 
- We are convinced of the validity of Guyton's systems 
" analysis approach to the control of arterial pressure. 
- However, our objective in this review is somewhat to one 
side of this elegant explication of mechanism. That 
analysis, insofar as it concerns itself with the role of 
sodium and potassium, and indeed it does so centrally, 
addresses the endogenous metabolism of these ele- 
ments. We are concerned herein much more with the 
exogenous aspect of the role of sodium and potassium 
in hypertension. Before taking a hard look at what goes 
on "outside," however, it is crucial to document what 

- goes on “inside,” or the examination of the human di- 
etary intake of sodium and potassium would be an ac- 

_ademic exercise deserving little attention. 

' Coleman et al.! comment that one of the animal models of 

- hypertension is “. . . salt induced hypertension, where exces- 
sive salt is combined with reduced renal function . . .” We must 

take some issue with that statement, specifically with the word 

reduced. Now Guyton's group work primarily with dogs and 

- we work mostly with rats. It is true that it is almost impossible 
to induce hypertension with sodium chloride in the dog?? 

“unless one does “reduce” renal function.24 Not so in the 
_ Sprague-Dawley rat. The majority of these animals will 
_ manifest hypertension with any intake of salt much in excess 
- of that of the Hubbel-Mandel-Wakeman mineral mix? fed 
at the 3 percent level. That 3 percent is for all the mineral mix; 

| the sodium allowance is 0.14 percent (expressed as NaCl) in 

the final diet. Ordinary “laboratory chow" contains seven 
times or more as much sodium chloride as that—1 percent or 

- higher. Laboratory chow is a high sodium diet. Later in this 

review, we will develop and document the thesis that hyper- 

tension is only one of the manifestations of the chronic toxic 
effects of excessive sodium chloride ingestion and not neces- 

_ sarily the most lethal one. So, it is important at the outset to 

grasp the fact that many experiments upon the “effect of” this 

and that have been, in fact, experiments upon the effects of 
a relatively high salt diet and this or that. 

'The evidence that standard laboratory rat chow is a high 
salt diet is simple and direct. Rats eating it manifest fully 
suppressed aldosterone secretion?5; when they eat a diet with 
 alower sodium content, aldosterone secretion increases briskly 
_in a very few days. 


There is a general conviction, without much evidence 
to support it, that a saluretic diuretic regimen is “just 
as good" as a low sodium-high potassium regimen in the 

management of hypertension, although there is no ev- 
idence that any mechanism other than reduction of 
extracellular fluid volume is involved in either case. The 
sad fact is that a low sodium diet is difficult to obtain 
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and maintain in a day of “convenience” foods and the 
high sodium-low potassium customs that characterize 
American cookery. However, it would be difficult to 
defend the thesis that the cause of hypertension in 23 
million Americans is their failure to take saluretic di- 
uretic pills several times a day throughout life. 

We know little about the lifetime toxicity of antihy- 
pertensive drugs. Even those who are now engaged 1 in: 
therapeutic trials of medications in children prone to 
hypertension?? express some concern that the impli- 
cations of success in their trials might commit the child 
to a lifetime of pill-taking with unknown consequences 
in long-term toxicity. One might well ask: Are we per- 
manently committed to the high sodium-low potassium 
environment? Can we devise a strategy to get out of it? 
It does not seem sensible to continue indefinitely to 
consume a seriously suboptimal dietary mix of sodium 
and potassium, which is toxic for many. An optimal mix 
might have as much to offer for longevity in humans as 
it clearly does in the rat.?^?? A carefully controlled study 
in a population of young people prone to hypertension 
might shed important light on this vexing question. For 
the practicing physician, a tool whereby he could ef- 
fectively identify those for whom the active prophylaxis 
of hypertension is indicated would be worthwhile. Such 
an objective indicator could warrant the trouble and 
vexations of maintaining a low sodium-high potassium 
intake throughout life. 


Usual Versus “Normal” Arterial Pressure 


It is possible that the “accepted norms" may be the 
usual pressures observed in the American population 
rather than normal pressures for homo sapiens recens. 
Blood pressures far lower than those found after age 50 
among men and women in the United States?" have 
been found in the 6th, 7th and even the 8th decades of 
life in Mayan Indians;?! Andes natives,?? Cook Island 
Polynesians,?? African bushmen,?^ clerks in Calcutta,?? 
female rural Northern Indians,?9 German contemplative 
monks,?? Kenyan Samburu elders,?? Buddhist farmers 
in Thailand,?? Japanese farmers of the Tottori culture,4? 
New Guinea natives,!! Masai warriors,42 Somali no- 
mads,** Eskimos,^^4^» American doctors and nurses 
moving to China in the 1920’s,4°-48 U. S. naval avia- 
tors,*? inhabitants of Norielsk, a Russian Arctic in- 
dustrial city,?? and isolated Navajos.?! In most of these 
populations, blood pressure remains at a level charac- 
teristic of persons in the United States at about age 25, 
increasing little if at all with advancing age. In many of 
the populations, the data may have been collected in a 
less than rigorously controlled manner. Nevertheless, 
it has been pointed out that it is not likely that the ob- 
servers measured the arterial pressure accurately in the 
young while progressively and systematically under- 
estimating the blood pressures in older subjects.^? 
Newer reports continue to provide instances of popu- 
lations whose systolic blood pressure remains below 120, 
125 or 130 mm Hg throughout adult life.5?2a-5?d One 
cannot, therefore, dismiss the possibility that the 
American data on blood pressure reflect merely usual, 
not normal, levels. 
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Vascular Hyperreactivity 


Mendlowitz’ has reviewed the role of vascular reac- 
tivity in systemic arterial hypertension and summarized 
the extensive contributions he and his associates have 
made. He concludes that “In most systemic vascular 
beds and in the systemic circulation as a whole, vascular 
reactivity to vasoactive substances acting directly or 
indirectly on the sympathetic neural and vascular re- 
ceptor complex is increased in hereditary essential hy- 
pertension." Further, he states, *... such increased 
reactivity is present early in the course of the disease 
and even in essential prehypertension ..." Our own 
interest in this centers on the isolation and character- 
ization of a humoral factor present in hypertensive pa- 
tients and salt-eating hypertensive rats that sensitizes 


bioassay animals to exogenous norepinephrine.?? 


Sensitizing Factor to Catecholamines 


Lately there has been a renewed interest in a “‘sensi- 
tizing factor" to catecholamines in hypertension, but 
because of the diverse results of both older and newer 
studies and the frequent utilization of inadequate 
controls, reports have been conflicting.’°*+© Several 
investigators have found evidence for a vasopressor 
agent potentiating factor among hypertensive 
subjects,6066-68 and a transmissible humoral factor has 
been suggested by a study by Dahl et al.9? utilizing the 
parabiotic union of a strain of rats genetically suscep- 
tible to the development of hypertension. 
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Recently, studies by Mizukoshi and Michelakis?? and: 
from our laboratories?? resulted in reports of a signifi- 
cant increase in vasopressor sensitivity to norepineph- 
rine and angiotensin after the administration of small: 
quantities of serum from hypertensive humans or ani- 
mals to bioassay animals. This increase was thought to 
be due to a heat-stable, nondialyzable substance thai 
was produced and released by the ischemic kidneys of 
patients with renovascular hypertension. It was also 
found in the plasma of patients with essential and ma- 
lignant hypertension and some normotensive subjects. 
Sodium restriction in these hypertensive subjects. 
unequivocally reduced the plasma activity of this sub 
stance. 
Spectrums of Susceptibility in Hypertension 


An important feature of hypertension i is that there. 
is a considerable spectrum both in “susceptibility” to to 
it and in the degree of end organ damage and its rate of 
occurrence among those who have it. Sex and race dif- 
ferences are influential in this regard as to group effects, 
but there is a large individual variation within any. 
age/sex/race cell we are able to define. a 
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Animal experimental work may well shed light on this 
issue. Two kinds will be cited. In rats of the Sprague- er 
derivation, intermediate levels of salt feeding, correspond 
perhaps to a human intake of 14 to 28 g/day with other sl 
constituents held constant, reliably produces hypertension 
(Fig. 1A). If a similar sodium chloride intake is provided but 
extra potassium chloride is also fed throughout life, a dramatic: 
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FIGURE 1. A, rats eating intermediate levels of extra sodium chloride 
developed a moderate hypertension with or without the addition ¢ 

protective potassium chloride. B, despite the lack of significant dif- 
ferences in blood pressure between the two groups, extradietary po- 
tassium chloride resulted in a prolongation of the median duration of 
life of 7 months. Adapted from Meneely et al.,2° with permission of the 
publisher. 
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effect is demonstrated. The level of blood pressure manifested 
by these rats is not significantly lower than among those not 
receiving extra potassium, but there is a very large increase 
‘in the median duration of life, from 19 to 26 months.?* Such 
a7 month difference represents a very long time in the life of 
arat, equivalent perhaps to 21 years for human beings. 
- Figure 1B presents a composite of two separate experi- 
‘ments, a “pilot” study of 13 rats and a follow-up study of 30 
rats, each with concurrent groups of “unprotected” rats, 7 in 
the first case and 30 in the second. An almost identical ex- 
‘periment performed later produced similar results.”!7? Note 
that the 43 rats protected with potassium chloride also out- 
lived the controls. We think that our control diet may have 
E suboptimal in some way. Perhaps 1.1 and 2.0 percent 
sodium chloride diets are life-shortening without being se- 
verely hypertensigenic. Evidence earlier cited?? indicates that 
1 percent sodium chloride is excessive in that it fully sup- 
presses aldosterone secretion. The experience of Dahl et al."?7* 
and of others??-7? confirms a dissociation between hyperten- 
sion and other noxious effects of excess dietary sodium chlo- 
ride. These data have not impressed some experienced 
workers,” but they nevertheless suggest that a similar cir- 
'umstance could obtain in man, namely, that the level of blood 
ressure may not always be an adequate indicator of the se- 
iousness of the underlying disorder or of the rate at which it 
is progressing. 
- Another set of animal experiments with similar implications 
has been reported by Aoki and Okamoto et 21.755098! They 
ere able to breed strains of rats so that when two propensities 
'ere compared—high and low susceptibility to elevated blood 
yressure and high and low susceptibility to the development 
f cardiovascular lesions—substrains were distributed in all 
four cells of the four-fold comparison table.’° Most important 
is the finding that some strains with high susceptibility to 
cardiovascular lesions had low susceptibility to high blood 
ressure and some strains with high susceptibility to elevated 
blood pressure had low susceptibility to cardiovascular lesions. 
lore recently, these workers??? have bred strains with spe- 
ial susceptibility to stroke. They report that increasing the 
intake of salt “. . . increased [the blood pressure], and the onset 
of stroke markedly accelerated in all groups of spontaneously 
hypertensive rats." It is trite to say that observations in other 
species cannot be transferred to man, but it would be unwise 
overlook the possibility that manifestations observed in 
wer animals might also be manifest in man. 





















A Mosaic Disorder With a Final Common Pathway? 


— Page's apt expression, “. . . the regulatory mosaic that 
determines the level of blood pressure," ?? is in some 
danger of becoming a hackneyed phrase through fre- 
quent reference, but that does not make the concept less 
Valid. In the late stages of hypertensive cardiovascular 
disease, it is not difficult to suspect that there is a “final 
common pathway." Anatomically, the manifestation is 
arteriolar muscular hypertrophy and narrowing with 
extensive parenchymal damage downstream owing to 
ocal ischemia. Laragh et al.8485 and others8®-98 have 
collected some good physiologic evidence to suggest that 
the full-blown and rapidly progressive “malignant” 
phase of hypertensive cardiovascular disease is largely 
a renin-angiotensin-mineralocorticoid—mediated dis- 
order. However, some findings in malignant hyperten- 
sion are difficult to reconcile with this formulation.99.100 
Those of us who have worked much with hypertensive 
rats, in which the natural history of hypertension is 
s 


much shortened compared with its slow evolution in 
man, have come to learn that, when the systolic arterial 
pressure reaches a high level, say about 200 mm Hg, 
something new happens. The rat's condition begins to 
deteriorate rapidly and, at autopsy, extensive necro- 
tizing arteriolar disease is evident. The late Ernest 
Goodpasture, dean of anatomic pathologists of his day, 
considered these changes morphologically identical with 
the findings in human “malignant” hypertension.!0! 

In most human victims of essential hypertension, the 
malignant phase is not manifested. At first scrutiny, the 
conditions appear to follow the previously mentioned 
"final common pathway"— widespread arteriolar dis- 
ease without arteriolar necrosis but with widespread 
resultant tissue damage evident most frequently in the 
brain, eye, heart, kidney or combinations thereof. A 
variable degree of atherosclerosis is usually admixed so 
that end-stage hypertensive cardiovascular disease is 
truly a complex clinical disorder. 

It now begins to appear that the concept of the “final 
common pathway" may be misleading. Although gen- 
erally valid as a clinical epitomization, it diverts at- 
tention from several sets of observations suggesting that 
elevated blood pressure may not occupy the position of 
primacy we now assign it. The previously discussed rat 
strains of Aoki and Okamoto and their co-workers 550-83 
suggest that the propensity for elevated blood pressure, 
development of cardiovascular lesions and stroke may 
each have a different genetic basis. One of us knew for 
a long time a professional colleague who had six siblings 
that died of a cerebrovascular accident. His logical ap- 
prehension later proved justified when he became the 
seventh victim. Irrespective of genetics, it now appears 
that a biochemical agent—angiotensin, for example— 
can have a direct effect upon myocardial protein syn- 
thesis and cardiovascular hypertrophy other than by 
way of increased heart work load in hypertension.” 
Oparil et al.7? using nerve growth factor antiserum in 
spontaneously hypertensive strains of rats have accu- 
mulated evidence that left ventricular hypertrophy in 
hypertension may be independent of blood pressure 
level. They speculate that the hypertensive syndrome 
may really be a general cardiovascular myopathy in 
which hypertension is merely epiphenomenal. It has 
long been known that repeated injections of norepi- 
nephrine can produce elevation of blood pressure that 
will persist after the injections are stopped. Now it has 
been learned that norepinephrine administered at 
subhypertensive levels can produce cardiac hypertro- 
phy.!?? However, whatever its weakness, the concept of 
elevated blood pressure is still the major handle by 
which we must attempt to grasp this matter. 


Genetic and Conditional Genetic Susceptibility 


There is a large body of clinical and experimental 
evidence that essential hypertension has a genetic 
component.7?/74 The condition has been thought to be 
transmitted by a dominant gene or genes. It is far from 
clear whether a single gene with incomplete penetrance 
or several genes might be involved,!?? but the issue is 
clouded by the fact that children, in the words of Edwin 
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Grant Conklin, also “inherit their environment," 
physical, psychic and socioeconomic. There is, however, 
no question that hypertension “runs in families." 

Another facet of the problem is that, to judge from 
animal models, many forms of hypertension are genetic 
in origin but only in a conditional sense. Thus, Dahl's 
strain of “sensitive” rats only became hypertensive if 
they received more sodium chloride than required for 
normal growth and development.?7* Oparil et al.’® 
showed that preventing the ingrowth of sympathetic 
nerves to the kidney prevents hypertension but not 
cardiac hypertrophy in the spontaneously hypertensive 
rat./? Others have produced convincing evidence that 
sympathetic nervous overactivity is the essential factor 
in the development of hypertension in the “sponta- 
neously” hypertensive rats of the Okamoto 
strain. 7°.80,81,104,105 Although many similar observations 
could be cited, these suffice to show that a person sus- 
ceptible to hypertension may never manifest it because 
the noxious agent or agents upon which hypertension 
is conditional in his case may not come into play. 


The Tracking Phenomenon 


Among children a “tracking phenomenon” occurs 
that persists into adulthood; that is, position above or 
below the mean in the blood pressure array tends to be 
maintained.!06-108 We have reported the same obser- 
vation in rats.!? In addition, in lifetime studies of colo- 
nies of hypertensive rats, positions in the extremes of 
the arrays (plus or minus 1 or 2 standard deviations) 
proved to be reliable predictors of the likelihood or 
unlikelihood that other effects would be manifested 
later in life, such as electrocardiographic abnormalities 
characteristic of hypertensive cardiovascular disease, 
increased blood cholesterol or shortened life span.!° 

Much less obvious is the established fact that most, 
if not all, forms of hypertension, become self-sustaining 
once initiated. This has been seen in many animal 
models. For example, Tobian et al.!!° and Dahl!!! found 
that salt-induced hypertension could persist after excess 
salt was withdrawn. There are two implications in this 
fact. The first is that the causative agent or agents ina 
given instance of hypertension, or even in a given subject 
who is going to become hypertensive, may play its evil 
role and then leave the scene. The scenario thereafter 
may never be the same. The second implication is that 
it may be crucially important in a specific person to 
detect the noxious agent or agents upon which his hy- 
pertension is conditional and remove them as early as 
possible. This last relates to another observation in 
animal models, namely, that if the noxious agent acts 
for a long time the resultant hypertension becomes 
self-sustaining and is irreversible, whereas if the noxious 
factor has been at work for only a short time the hy- 
pertension induced by it is not self-sustaining and 
usually can be reversed by removal of the noxious in- 
fluence. 


Dietary Sodium and Potassium 


Present knowledge of sodium and potassium nutri- 
tion!!2 derives in large part from a better understanding 
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of the role these two elements play in the body. Apa 
parent contradictions that have led to confusion and. 
controversy can now be understood in the light of recent 
advances in genetics. 3 


Discovered by Davy in 1807 with use of electrolysis, po- 
tassium,!!3 and sodium!!* are essential for normal growth and 
existence. Extremes of intake can vary the potassium:sodium 
ratio in the bodies of mice from 1.5 to 2.4, and experiments. 
with dogs yield similar results.!!° The important facts con- 
cerning the absorption and excretion of sodium and potassium | 
were first published by Salkowski!!9 in 1871. An interrelation, 
between dietary sodium and potassium has been known since 
the time of von Bunge!!? and explored more recently by Mil- 
ler.118.119 The maximal and minimal limits for sodium and 
potassium intake are interdependent and also vary with water. 
intake and the efficiency of the kidney. The desirable upper 
limit for sodium intake is controversial. Present evidence in- 
dicates that 10 to 60 mEq of sodium, 0.6 to 3.5 g/day as sodium | 
chloride, is an adequate intake for an adult man. Potassium. 
is plentiful in naturally occurring foods. The ordinary diet 
supplies from 50 to 100 mEq, 3.7 to 7.4 g/day as potassium. 
chloride, provided that it is not leached out in processing or. 
cooking food. : 






Physiology of Sodium and Potassium 3 


There is reason to believe that, early in the evolution of life. 
on earth, the potassium content of the Precambrian seas Was. 
much higher with respect to the sodium concentration than. 
later came to be the case.!?? This is adduced as a reason why 
potassium is the principal intracellular electrolyte. At the time 

of “emergence from the sea,” sodium concentration in the se; 
had become relatively high. This latter is thought to be the 
basis for the electrolyte pattern of the extracellular com 
partment, with its relatively much higher concentration of 
sodium. 

Intra- and extracellular osmolarity: Sodium and pee 
tassium are important contributors to intra- and extracellular 
osmolarity. Mammalian interstitial fluid is an almost pro- 
tein-free filtrate containing sodium as its chief cation. Under: 
steady state conditions, this solution is in equilibrium with. 
the intracellular environment, that is, the effective osmotic. 
pressures of the two compartments are equal because the cell. 
membrane is freely permeable to water. The intracellulal 
fluid, more complex, has several chief contributors to its os- 
motic pressure: calcium, magnesium, protein, phosphate and 
potassium. A significant number of these intracellular ions 
are not present as osmotically active substances but are se- 
questered by various structures within the cell and are regus 
lated by and regulators of cell activity. 

Cells have no mechanism for directly controlling their own 
individual osmotic pressure. They rely upon the osmotic 
control of the extracellular fluid. Any substantial departure 
from normal intracellular fluid osmotic pressure cannot be 
tolerated by the organism. The osmotic pressure of the ex- 
tracellular fluid is closely regulated by one of the most compen 
homeostatic devices. 

Electrogenic pump: Sodium and potassium are also i in- 
volved in the electrophysiology of cells. Early studies!?!.1?? 
revealed that the permeability characteristics of cell mem- 
branes are not sufficient to account for the disparity in the 
composition of fluids inside and outside the cells. It is neces- 
sary to postulate the existence of an *electrogenic pump. ” This 
pump is energy-dependent, deriving its energy from the 
metabolic processes of the cell.!?? It transports sodium from 
the intracellular compartment to the extracellular fluid and 
potassium into the interior of the cell. The two ions are 
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ew in a loosely coupled manner.!24 The diffusion 
: properties of each of the two ions with respect to the cell 
E bransi is such that a membrane potential is generated by 
the diffusion of potassium down its electrochemical gradient, 
f leaving a net intracellular negative charge. !?3 This electrogenic 
pump has been shown to be sensitive to intracellular sodium 
concentration and extracellular potassium concentration. 
- Increases in either or both concentrations increase the rate 
ie the pump.!*4 The result is a pump with its own system of 
“feedback control related directly to the concentration of the 
- transported substances. Changes in the permeability of the 
‘ ell membrane can lead to marked changes in the cell’s 
membrane potential. The diffusion of sodium and potassium 
Bon their electrochemical gradients after a change i in per- 
eability is the factor responsible for the genesis of the 
E. action potential observed in excitable 
| tissues. !2? 
... Homeostatic mechanisms: Sodium and potassium are also 
indispensable components of the homeostatic machinery of 
_the whole organism. Both ions are integral parts of the control 
mechanism of acid-base balance, renal tubular sodium and 
potassium being appropriately exchanged for hydrogen i ions 
or reabsorbed depending upon the needs of the organism. Also, 
the ions are intimately involved in the regulation of extra- 
cellular fluid volume and the maintenance of blood pressure. 
Small sustained changes in the sodium concentration of the 
E racellular fluid can have profound effects upon arterial 

























of f potassium from the extracellular fluid into cells, and some 
er zymes of glycolysis and oxidative phosphorylation are po- 
tassium-dependent.!2’ Potassium depletion also inhibits the 
S€ cretion of insulin by pancreatic islet cells in response to a 
hyperglycemic stimulus. Protein and amino acid metabolism 
are likewise affected by these two electrolytes. 126 
— Because of the profound influences that even subtle changes 
n sodium and potassium balance have upon cell metabolism 
and the organism, it is not surprising to find that amazingly 
complex systems have evolved to maintain the balance of 
thes electrolytes within critical tolerances. The importance 
of this balance is underscored by the redundance of controls 
hat have developed. A failure in any one component of this 
control system can often be compensated for by the remaining 
parts so that the organism does not perish. 


Sodium and Potassium Nutrition 


- It still seems incredible to some, despite a massive 
Jody of evidence, that common table salt might be 
noxious. Since its effects are insidious, it has been dif- 
ficult to document its toxicity in man, especially since 
enetic differences in sensitivity abound and make the 
lata from population surveys bewildering. The matter 
; also complicated by the protective effect of dietary 
otassium.?5.128 
Dietary salt in hypertension: A unifying and sim- 
bose theory is needed. It is obvious that sodium 
hloride increases blood pressure in some!2?9.130 and does 
not in others!?.13? and equally obvious that restriction 
of dietary sodium reduces high blood pressure in some 
and not in others.!??-1^ The genetic explanation of this 
has already been noted and will be reviewed later. Be- 
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cause excess sodium does not increase the blood pres- 
sure of all persons, some conclude that it does not in- 
crease anyone’s blood pressure. Because sodium re- 
striction does not reduce the blood pressure in all hy- 
pertensive subjects, some conclude that it is not worth 
restricting sodium in any hypertensive subject. Saluretic 
diuretic agents reduce blood pressure in most patients 
with hypertension. It has been shown that patients with 
“essential” hypertension who respond to diuretic drugs 
respond equally well to low sodium diets.!39.1?7 Dustan 
et al.'®5 state, “In this culture, therapeutic low sodium 
diets have little place in the treatment of hypertension 
when renal function is good enough to allow diuretic 
drugs to have an effect." This probably states the con- 
sensus for American clinicians. Like many published 
statements, it is both right and wrong. Right, because 
in the American high sodium-low potassium environ- 
ment it is extremely difficult to keep a patient on a daily 
diet of 0.5 or less of salt, and such a diet is difficult to 
purchase. However, the statement is also wrong for 
several reasons. For many patients such severe restric- 
tions are not necessary.!?? More important, Dustan's 
statement assumes that we are locked into the high so- 
dium-low potassium environment and will do nothing 
about it. This may well be correct, for human inertia and 
habit are formidable antagonists. Here we do not have 
a conspiracy of silence; we have a counsel of despair. The 
heavy use of salt by the food industry as well as in the 
home and the growing trend toward leaching out po- 
tassium involves so many people and so much custom 
that most physicians simply throw up their hands and 
settle for some such noncontroversial advice as, “take 
it easy with the salt . . .” Moreover, commercial factors 
are at play. Sodium salts are usually cheaper than the 
foods to which they are added. Since salt is hygroscopic, 
salted foods hold weight better and so yield more profit 
per kilogram. Highly salted foods “keep” better. 
Shubsachs,"?? writing to Lancet, complains that com- 
merce prefers the cheaper Chile saltpeter (NaNOs) to 
true saltpeter (K NOs) for the preservation of foods. He 
has a point. Less defensible is the attitude of the medical 
profession. Although low salt diets are obviously effec- 
tive in hypertension,!??-15? it would appear that phy- 
sicians would rather prescribe pills than diets. Osler!49 
noted, "the desire to take medicine is perhaps the 
greatest feature which distinguishes man from ani- 
mals." 

'The unifying and simplifying thesis we wish to affirm 
is that excessive dietary sodium chloride is in itself 
noxious, that potassium has a protective effect against 
chronic sodium toxicity and that genetic factors un- 
derlie all responses to excess sodium intake. 


Sodium Chloride, a Condiment, Not a Requirement 


Most human beings have a taste for salt, but there is 
good evidence that this is due to its properties as a 
condiment rather than to some mysterious physiologic 
need. Lapicque!^! contributed an invaluable anthro- 
pologic observation concerning a tribe in Africa that 
lixiviated a salt from the ashes of certain plants. Anal- 
ysis showed it to be a fairly pure potassium chloride. 
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Sodium chloride was available and cheap in the area 
inhabited by this vegetarian people, but they used it 
only when their own potassium chloride was scarce. 
Even then, they would mix it with a little potassium 
chloride. Lapicque thus convincingly documented the 
use of salt purely as a condiment, similar to the use of 
pepper, curry powder, paprika (capsicum), pimento and 
numerous other widely used flavorings. Sodium is 
readily available in nature away from the sea, potassium 
is not.!4? The lixivium from most plant ashes is rich in 
potassium carbonate which, because of its disagreeable 
taste, earned the name “‘salt of wormwood.” It was a 
pure fluke that Lapicque's inhabitants of the basins of 
the Ogooue and the Sangha “by the unconscious ex- 
perimentation of successive generations" came upon a 
particular species of plant whose ashes yielded a nearly 
pure potassium chloride with a good sharp saline taste. 
Lapicque points out the extraordinary ability of human 
beings, by just such experimentation, to identify other 
gratifying substances of widely differing plant origins. 
Thus, caffeine was found by the Abyssinians and the 
Arabians in coffee, by the Chinese in tea, by the Para- 
guyans in maté and by the natives of the Amazon region 
in guarana. Lapicque thus effectively disproved von 
Bunge's thesis!*? that a vegetarian diet required extra 
sodium chloride. We found some years ago that potas- 
sium chloride could be admixed with sodium chloride 
to a considerable extent, up to 50 percent for some 
people, without a noticeable change in taste, !^^ and 
Frank and Mickelsen!^? recently made similar obser- 
vations. À product with this mixture has recently ap- 
peared on the open market. Tobian?? ends his scholarly 
review with the statement, “An alteration of the 
amounts of sodium and potassium in the diet of popu- 
lations susceptible to hypertension may be the most 
practical way to decrease the incidence of the dis- 
ease." 

Kaunitz!4^9 also marshals the evidence against von 
Bunge's views and laments that these are still widely 
quoted. He goes on, however, to argue that extra salt 
may be “correlated with emotional stimulation . . . that 
it may be consciously or unconsciously pleasurable. . . 
as a causal factor in the craving for salt." We know of no 
evidence to support Kaunitz's speculation, but it is an 
interesting one. Could it have a stimulating effect on the 
sympathetic nervous system? The latter is clearly in- 
volved in some way in "essential" hypertension. 


Salt and Evolution 


Physiophyly concerns the evolution of bodily func- 
tions as morphogensis concerns the evolution of form. 
It takes time for a new or altered function to evolve. Life 
began 2 billion years ago, emergence from the sea was 
360 million years ago, man-like creatures came into 
being 2 million years ago. By then, many physiologic 
mechanisms were firmly encoded in the genes. Dahl and 
Meneely!4^?48 pointed out that a primal herbivorous 
people probably consumed at the most 10 mEq/day of 
sodium, 0.6 g as sodium chloride. A strictly carnivorous 
man requiring 4,000 kilocalories might have consumed 
60 mEq (3.5 g as NaCl) on successful hunting days. 
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TABLE I 
Sodium and Potassium in a 100 g Serving of Peas A 
Sodium Potassium 3 
4 
as NaCl as KCI 
mEq (g) mEq (g) . 
Fresh peas 0.04 0.002 9.72 0.728 - 
Frozen peas 435 0.254 4.09 030 
Canned peas, liquid poured off 10.00 0.585 460 0.343 
Add salt, serve with salted butter ? ? ? ? A 


x! 

Now, for a mere 2,000 years or less, “civilized” man 
has added 6 to 18 g/day of sodium chloride to his food. 
There has hardly been enough time for the genetic i 
material to alter in a favorable adaptation. The dog 
evolves more rapidly; perhaps that is why it can eat a i 
salty diet with apparent impunity. j 

Aside from the rather uncertain matter of treks to salt 5 
licks, no terrestial mammals except man add salt to- 
their food. Although it now appears that the minimal 
adult daily requirement for sodium is approximately a | 
few hundred milligrams or so! ^7— surely no more thant 
a gram—the average daily consumption of this sub- 
stance is from 10 to 35 times this amount among most 
“civilized” people. Most reference works cite the Food 
and Nutrition Board Recommended Dietary Allowance 
NAS-NRC of 1 gram of dietary sodium chloride pe 
kilogram of water intake (in fluid and food). Water 
consumption is actually a function of the amount of salt. 
in the diet, as noted by Pliny the Elder.!^? In the ex- 
perimental animal, water consumption varies directly 
with dietary sodium chloride.!^? Since the average daily 
turnover of water is about 2,750 ml for an adult weighing 
70 kg, this recommendation would suggest about 3 g/ m 
of sodium chloride. Much evidence indicates that E 
is more than enough. 







The High Sodium-Low Potassium Environment ; 

No mammals other than man cook food. Let us briefly j 
trace the changes in sodium and potassium in a common | 
food to exemplify the extent to which potassium is de- 
pleted and sodium increased. Table I shows the data fon 
a 100 g serving of peas. 

Canned peas, drained and before butter and salt are 
added for serving at table, thus contain 250 times as - 
much sodium as the fresh product and more than half 
of the potassium is gone.!5.15? The increased demand - 
for canned and convenience foods is attributed to the 
phenomenal increase of the small apartment and 
part-time housewife. Intake of sodium is thereby greatly | 
increased and that of potassium reduced. Some other 
convenience foods show an even greater rearrangement 
of elemental composition (Table II). !?? 

Thus, urbanization of the population together with | 
ever increasing use of convenience foods further con- 
tributes to the high sodium-low potassium environment. 
It is also unfortunate that the processing of foods, which | 
so greatly increases sodium content, usually depletes the. 
protective potassium. 
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TABLE II 


Sodium and Potassium in a 100 g Edible Portion 
of Common Foods 


E 
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F Sodium Potassium 
pe NE eS eet 
P as NaCl as KCI 
E. mEq (g) mEq (g) 
lives 104.4 6.10 1.41 0.11 
White bread 22.0 1.29 2.69 0.20 
rnflakes 28.7 1.68 4.09 0.31 
Cheddar cheese 30.4 1.78 2.10 0.16 
Dried nonfat milk 22.8 1.33 34.1 2.54 
Bacon 77.0 4.50 5.75 0.43 
Chipped beef 187.0 10.94 5.12 0.38 
Smoked ham, raw 110.0 6.44 6.34 0.47 
Frankfurter 47.8 2.80 5.88 0.44 
alami 54.8 3.21 7.72 0.58 
nned crab meat 43.5 2.54 2.81 0.21 


1 Although consumer purchase of table salt has de- 
lined slightly, salt in processed and prepared foods has 
ncreased. Sodium intake is increasingly determined by 
pod processors rather than by the individual consum- 
jr. 1^4 Salt is, of course, a preservative because it is toxic 
E microorganisms. À generous addition increases the 
keeping quality of food products. Many convenience 
foods now tast saltier than would be the preference of 
4 buyer. In turn, this influences national taste. 


aste for Salt 


a Dahl!^? found, in patients consuming long-term diets 
taining up to 250 mg/day of sodium chloride, that 
1e addition of 1 g to their daily intake evoked comment 

although rapid adaptation occurred. In sharp contrast, 

among the subjects consuming 10 to 20 g/day the ad- 
lition of 5 or 10 g could go unnoticed. It was concluded 
that salt appetite is induced rather than innate and that, 
ike salt intake, appetite for salt bears no necessary 

‘elation to requirement. Wotman et al.!^? confirmed an 

slevated salt taste threshold as characteristic of patients 

vith hypertension. The salt preference of animals may 

‘epresent an effort to maintain sodium homeosta- 

jig 156. 157 since sodium is scarce in nature away from the 

sea,!42 whereas salt appetite is acquired by human 
beings primarily as a result of social and dietary custom 
ind usage.!47.145 Schechter et al.158 found no difference 

n taste thresholds between hypertensive and normo- 

ensive subjects but, when offered distilled water or 
aline solution by free choice, the hypertensive patients 

'onsumed more than four times as much sodium chlo- 

ide as did the normotensive volunteer control 

ibjects. 






wonic Sodium Chloride Toxicity and the Protective 
ffect of Potassium 


Chapman and Gibbons! in 1949 provided a superb portal 
) the past history of dietary sodium and potassium in a 
cholarly and exhaustive review. They noted the bibliographic 
ontribution of Glatzel!9? in 1937 but considered it uncritical. 
[hey recognized the early 19th century “milk cure" of 
Jhrestian!6! and Karrell!*? as the first therapeutic use of fluid 
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and salt limitation, then traced development through Red- 
tenbacher, Salkowski, von Koranyi, Carrion and Hallion, 
Achard and Loeper, Widal and Lemaierre, van den Bergh, 
Merklen, and Ambard and Beaujard.!®? In what Dahl called 
a “prophetic paper,” Ambard and Beaujard in 1904 considered 
the possible role of salt as a cause of hypertension. Whatever 
the prophecy, the blood pressure in their patients tended to 
decrease when dietary salt was restricted, and to increase when 
more salt was allowed. Chapman and Gibbons trace the rec- 
ognition of the role of sodium (and potassium) through Laufer, 
Bayer, Achard, Blum, Magnus-Levy and Allen!®*-168 to what 
they considered the crucial experiment by Addison,!6? who 
found in 1928 that “potassium salt regularly produced a de- 
cline in blood pressure, while sodium salt just as regularly 
produced a rise." The work of Berghoff and Geraci!’ and 
Thompson and McQuarrie!?! followed. It was McQuarrie's 
fascinating observation that potassium reduced hypertensive 
blood pressure even though the dietary salt intake remained 
large;!"? this finding stimulated one of us and his colleagues?? 
to add extra potassium to rat diets high in sodium content. We 
were unaware at that time of the 1931 work of Priddle.! ? 
Meara!^! in 1918 first suggested, in the United States, the 
limitation of salt in hypertension, but Allen!64-165 was really 
the initiator of the first wave of interest in low salt dietary 
therapy. Kempner!?? was responsible for the second great 
wave of salt restriction 25 years after Allen. Much of the 
clinical material in these early studies was really unsuitable 
for critical evaluation of the merit of salt restriction. With few 
exceptions, such as the study of Priddle,!?? increased potas- 
sium intake was not explored. 

In the light of the convincing evidence Chapman and Gib- 
bons had marshalled, Dahl!?? marveled: “For reasons that are 
difficult to fathom, there appeared a great deal of antipathy 
to Kempner's reports as well as irrational disbelief in the ef- 
fectiveness of the diet. In a major review of the subject early 
in 1949 (Chapman and Gibbons) it was stated that suggestion 
had not been ruled out and that restriction of salt intake has 
not been conclusively shown to be independently capable of 
lowering the blood pressure in hypertensive patients. 

Salt and Extracellular Fluid Volume 

Chapman et al.!?? also pursued their own research on 
the topic. They clearly showed that the rice-fruit diet 
is needlessly deficient in protein, that it reduces blood 
pressure in some patients and that, when it does so, 
restriction of salt is the effective component. Although 
only a portion of their patients had a significant re- 
duction in blood pressure, all had a reduction in extra- 
cellular fluid volume. Since then, many observers have 
noted that salt restriction decreases extracellular fluid 
volume. Dustan et al.!?9? have pointed out that retention 
of as little as 20 mEq each day of sodium will add a liter 
of extracellular fluid each week. Systems analysis 
physiology of control of blood pressure'?20.21,176 ey. 
plains the portent of these seemingly small differences. 
The message is clear: Restriction of sodium intake re- 
duced extracellular fluid. Blood pressure decreased 
toward normal in all of the patients of Chapman et al., 
but factors other than excess extracellular fluid sup- 
ported the elevated blood pressure in some. To restate 
the message: One manifestation of excess dietary sodi- 
um chloride is expanded extracellular fluid volume. It 
is probable that many Americans have excessive ex- 
tracellular fluid volumes due to excess dietary sodium 
intake. 
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Sodium Chloride and Hypertension 


Genetic factors: Sodium in the diet in excess of need both 
does and does not cause hypertension. It depends upon who 
is eating the salt: Some persons are and some are not suscep- 
tible, and some persons will not become hypertensive under 
any but the most extraordinary circumstances. These state- 
ments are true of individual subjects and of whole populations, 
whether one is speaking of people or animals. The explanation 
lies in genetics. Clues to differences in susceptibility have been 
evident for many decades. More recently, animal studies have 
yielded good evidence to explain the pleomorphic human 
epidemiologic observations. Alexander et al.!77.!75 may well 
have been the first (1954) to develop a “spontaneously” hy- 
pertensive animal, a strain of spontaneously hypertensive 
rabbits. Dahl and Schackow!”9 credit Smirk and his group!*°- 
182 with the first report of a colony of rats with genetically 
determined elevations of blood pressure. In 1962, a sodium 
chloride-sensitive strain of rats was developed by Dahl et 
al.73:74 In 1963, Okamoto and Aoki et al.7»59-5? isolated a 
Wistar-derived strain of spontaneously hypertensive rats. 
Louis et al.!5? found that this strain became hypertensive with 
a decreased salt intake and further explored the genetic 
component.!84 Hypertension in all these “spontaneously” 
hypertensive animals is brought on earlier and made much 
worse by extra dietary sodium chloride.** Meanwhile Schlager 
and Weibust!95-157 found that variations of blood pressure 
among mice was genetically determined and concluded that 
several genes were involved. An important paper by Aoki et 
al.75 sheds a good deal of light. Their careful analysis of sub- 
strains of their hypertensive rats showed genetic independence 
of "sensitivity" to salt —that is, its propensity to induce hy- 
pertension—and of “toxicity,” by which they mean the pro- 
pensity of salt to induce vascular lesions and to accelerate 
mortality. They present a fourfold genetic categorization: high 
sensitivity, high toxicity; high sensitivity, low toxicity; low 
sensitivity, high toxicity, and low sensitivity, low toxicity. 

Dahl et al.7*:74 found that long-term consumption of excess 
sodium chloride may induce pathologic lesions without direct 
relation to blood pressure. As noted earlier, we found large 
differences in the median duration of life in our rats without 
significant differences in blood pressure.?? Dahl et al.?? note 
that they have repeatedly seen lessening of vascular disease, 
clearing of retinopathy, for example, even when the patient's 
pressure failed to decrease with a low salt diet. Kempner’® 
reported the same finding earlier. Still more recently Okamoto 
and coworkers??5? explored the effect of extra sodium chloride 
on the genetic susceptibility to stroke in their hypertensive 
rats. Thus, there is both animal and human evidence that el- 
evation of blood pressure is not the only toxic effect of excess 
sodium chloride. Studies in animals and clinical observation 
in humans reveal a genetic dissociation of several independent 
noxious effects. 

A spate of papers have appeared for and against the role of 
sodium chloride in hypertension. Chapman and Gibbons !?? 
credited Allbutt,!88 Huchard!5*? and Von Basch!?? as those 
*whose combined efforts delineated essential hypertension 
as a separate disease entity . . .” They erred because hyper- 
tension, essential or otherwise, is neither a disease nor an 
entity. It is a clinical physiologic observation. Even today, the 
many mechanisms involved in high blood pressure are only 
partially understood and then only in the framework of sys- 
tems analysis physiology. Blood pressure is the result of an 
exceedingly complex interplay of multiple hereditary, con- 
stitutional and environmental factors. Once hypertension is 

initiated, it can become self-perpetuating even though the 
original “cause” is no longer present. Hypertension persists 


-HIGH SODIUM-LOW POTASSIUM ENVIRONMENT—MENEELY AND BATTA 


WU CX SOIT << +a 9 Du ota DUET 









in our rats when excess dietary salt is withdrawn. Dahl!!! and: 
Tobian et al.!!? have also made this observation. | 
Genetic factors explain why some human beings become | 
hypertensive and some do not in otherwise exactly similar | 
circumstances. Genetic factors coupled with dietary sodium 
and potassium account for most of the astonishing differences — 
recorded in studies of populations. Henry and Cassel?? have - 
assembled in one place and presented in clear format most of l 
the accumulated data on populations. However, the thesia 
they develop seems to us to be addressed to second and third k 
order factors in blood pressure control. In a recent article 
dedicated to Dahl, Friedman and Iwai!?! showed that Dahl’s 
salt-sensitive rats with a sodium chloride intake just below 
that which will induce hypertension of itself soon manifest 
hypertension when exposed to an approach-avoidance con- 
flict. Thus, psychic stress is selectively efficacious in producing 
hypertension in genetically predisposed animals. Only res 


genetically equipped to do so become hypertensive with ex ss 
salt intake. If they are so equipped, they will flourish as nor- 
motensive away from excess salt but their blood pressures will 
increase if they are given excess salt.!?? Psychic stress may. 
make matters worse. 4 
Total body sodium and extracellular fluid volume: 
Many investigations!9??194 have failed to find an excess of total. 
body sodium among hypertensive patients. In salt-censitiva 
rats, Dahl and Schackow!?? found, at a time when experte 
mental hypertension was still rapidly evolving, no evidence. 
of change in whole body content of sodium or of potassium. 
However, Meneely and co-workers’!,’? did find some increase. 
in total body sodium but only at high levels of excess salt 
feeding thought to correspond to human intake of 35 g/day 
or more of sodium chloride. | 
The data are lacking to predict human extracellular fluid: 
volume with precision. Methods to measure it are not repr E 
ducible within small limits. Analysis of the blood pressure 
control system predicts that small changes in extracellular 
fluid volume would have significant hypertensive effects, 
changes approaching the error of measurement. Nevertheless, 
when the individual patient is used as his own control, sug- 
gestive changes may be detected. The finding of a reduction 
with a low salt diet has been discussed earlier. 133 The primacy 
of an increase of extracellular fluid due to increased ingestion 
of sodium chloride in the genesis of hypertension as hypoth- 
esized by Guyton and his associates! ^ is now beginning to be 
well known. s 


Salt in Baby Food ? 


Dahl! drew attention to the unenviable infant mor- 
tality rate in the United States,!?^ believing that high 
sodium chloride levels in the infant diet were partly to 
blame. He pointed out that extra salt is neither neces- 
sary nor useful. Certain baby foods he tested in the late 
1960's were lethal for rats because of their high sodium 
chloride content.!? The Committee on Nutrition of the 
American Academy of Pediatrics concluded at that time 
that the salt intake of infants was several times larger 
than the requirement and recommended that the salt 
content of infant foods be reduced. Subsequent surveys 
have shown that manufacturers have complied.!% 
However, some parents needlessly add salt to their in- 
fant's food in accordance with their own taste prefer- 
ence. This has the effect of giving unnecessary salt to the 
child and cultivating in him a taste for excess salt. Many 
parents are still not aware that the salt requirement of 
infants and children is low and that excesses are nox- 
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'IGURE 2. Sodium chloride intake and the incidence of hypertension 
n different populations. Adapted from Meneely and Dahl,4* with per- 
fission of the publisher. 
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l. The sodium content of human breast milk is very 
hi 7.4 mEq/liter, less than 0.5 g as sodium chloride. It 

ht be still lower if the mother restricted her salt in- 
e. 


EC 
?ractical Considerations About Sodium and Potassium 
n Population Studies 


k | There are many epidemiologic studies of salt intake 
n young people./?7./98 By and large they do not support 
thesis that dietary sodium chloride alone is related 
arterial blood pressure in any simple way. There are 
ve me good reasons why our earlier stated thesis may still 
e correct despite the seeming negation of it by studies 
vithin populations. First, the dynamic range of sodium 
hloride intake in a given population is not likely to be 
arge enough to bring out a clear correlation. Second, in 
nost modern societies, the intake of sodium chloride 
o exceeds the requirements for it. Therefore, al- 
st all persons susceptible to its noxious effects have 
Iready been affected by it as much as they likely can 
ie whereas those who are resistant to it will not show 
dverse effects even at high levels of consumption. If 
bout 20 to 25 percent of a population is destined to 
iecome hypertensive, this is still only one person in four 
r five. Anything other than a “large signal marker" 
rould easily be lost in the “noise” of the other 80 per- 
ent. When studies are made among different popula- 
ns, however, the correlation between salt intake and 
k incidence of clinically significant hypertension can 
early be seen (Fig. 2). 
_ Not everyone is as impressed with these data as are 
Vleneely and the late Lewis Dahl,44 who published 
em. Langford and Watson! express skepticism and 
enry and Cassel, arguing that sodium chloride intake 
can hardly be the initiating cause (of hypertension),” 
oint to the work of Sasaki,^? who found low blood 
iressures in a Japanese population eating a generous 
ation of sodium chloride, about 14 to 15 g/day. They 
lid not note the earlier finding of Sasaki et al.?99 of low 
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FIGURE 3. Hypertensigenic effect of sodium chloride and protective 
effect of potassium in a 15 year old salt-eating diabetic girl. B.P. = blood 
pressure. Reprinted from McQuarrie et al.?9? with permission of the 
publisher. 


blood pressure in a population consuming large amounts 
of both sodium chloride and potassium. This highlights 
the third reason we think population studies may have 
been misleading, namely, lack of attention to potassium 
intake. 


The ability of potassium in the short term to reduce blood 
pressure may be seen in Figure 3 from work by McQuarrie et 
al.!7? done in the 1930’s. Although the patient's condition was 
not normal (she had diabetes) her blood pressure increased 
with excess ingestion of sodium chloride, was reduced after 
reduction of sodium chloride intake to about 4 g/day and was 
further reduced when she was given extra dietary potassium 
chloride. It also proves the point that it is not always necessary 
to reduce salt intake to milligram levels to reduce the level of 
the blood pressure.!?? Even more impressive is the case shown 
in Figure 4, also from McQuarrie et al. Extra potassium 
chloride produced an impressive reduction in blood pressure 
in spite of continued ingestion of excess dietary sodium 
chloride. Concurrent with these dramatic cardiovascular 
manifestations were some interesting changes in glucose 
metabolism. The interested reader should consult the original 
papers.!/?:! 7? Figures 3 and 4 are from McQuarrie’s address 
to the Minneapolis Hypertension Symposium,??? where he 
chose to omit the glucose data. 


The Sodium/Potassium Ratio Hypothesis 


So far as we are able to learn, the concept of the sodium/ 
potassium ratio was introduced in 1962 by Priddle??! and 
discussed in an unsigned article in Nutrition Reviews??? that 
same year. Langford and Watson!9 reported an experience 
with dietary sodium and hypertension which is common 
enough except that they went beyond their original negative 
findings: “We originally postulated that differing salt intake 
was the most likely variable to explain the blood pressure 
gradients we observed . .. We have now looked at the 24 hour 
Na excretion and blood pressure of over 600 individuals . . . 
In no case have we been able to find a significant positive 
correlation between blood pressure and Na excretion alone 

.." Unlike many other workers, they subjected their data 
to further analysis. However, one of their findings is dis- 
couraging to the investigator embarking upon a similar study. 
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FIGURE 4. Dramatic effect of extra potassium on the sodium chloride 
induce hypertension of a 14 year old salt-eating diabetic patient. B.P. 
= blood pressure. (Adapted from McQuarrie et al.,2°° with permission 
of the publisher.) 


Twenty-four hour collections of urine had correlation coeffi- 
cients with 6 day collections of only 0.664 and 0.810 for sodium 
and potassium, respectively, and 3 day collections correlated 
only at the 0.900 and 0.941 levels with the sodium and potas- 
sium in 6 day collections. One is accustomed to feel some 
satisfaction with 24 hour urinary collections when the creat- 
inine values are encouraging, but Langford and Watson’s 
observation adds yet another word of caution to numerous 
personal communications concerning the variability of 24 hour 
sodium and potassium excretion. 

Further analysis of their data did bring out one significant 
correlation, namely, the sodium/potassium ratio in 6 days of 
urine correlated positively with diastolic blood pressure ob- 
served over 8 days (no. = 101, r = 0.372, P = 0.02). In their 
report,!?? they present several reasons suggesting that this is 
more than a chance occurrence. It would be valuable if others 
with sodium and potassium urinary collection data would 
examine sodium/potassium ratios in relation to observed 
blood pressures. 

The sodium/potassium ratio has clearly a worthwhile po- 
tential. We have argued earlier that failure to find correlations 
between dietary sodium and blood pressure in some popula- 
tion studies was possibly due to neglect of the potassium in- 
take. Because of the saturation effect described later, however, 
this hypothesis must be interpreted with caution. 

It may be of more than passing interest that those con- 
cerned with diet commonly use the potassium/sodium ratio 
because in virtually all naturally occurring items of diet, this 
ratio is larger than 1, sometimes as large as 1300 (fresh kidney 
beans, potassium mg/sodium mg). On the other hand, in 
metabolic work, sodium/potassium ratios are the rule because 
in collections of urine this ratio is almost always 1 or more and 
commonly ranges up to 10. This reversal epitomizes the dif- 
ference, as far as sodium and potassium are concerned, be- 
tween the amounts of these nutrients in food as the ingredi- 
ents occur in nature and the reversal of the ratio in the actual 
diet of man. Dahl et al.??* demonstrated in their salt-sensitive 


rats that the higher the sodium/potassium ratio of their food, - 


holding sodium constant, the higher their blood pressure. 
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FIGURE 5. Salt-induced hypertension in a medical student. (Adapted 
from McDonough and Wilhelmj, '?? with permission of the publisher.) 


Saturation Effect M 


In this paper we have developed several lines of evidence 
to reconcile the findings in animal models and in some human j 
experiments indicating the powerful hypertensigenic action | 
of excess dietary sodium in people whose genetic material - 
makes them susceptible to it, and to the remarkable protective 1 
effect of potassium against the toxic action of sodium. The > 
patients of McQuarrie et al.!?? illustrate both points, but one 
may argue that these were not normal subjects. One experi- - 
ment that has become a classic is the study that, with his | 
teacher, John McDonough!” performed upon himself when 1 
he was a medical student. In this perfectly normal young man, 
excess sodium chloride rapidly produced a brisk hypertend 
(Fig. 5). 

In addition to McQuarrie, others have cited a favorable 
effect of extra potassium on blood pressure. Perhaps the | 
earliest to do so was Addison,!9? who found in 1928 that “pord 
tassium salt regularly produced a decline in blood pressure, ; 
while sodium salt just as regularly produced a rise.” Langford | 
and Watson!*?? drew attention to the report of Bartorelli et' 
al.??^ that acute infusion of potassium is natriuretic and will | 
reduce the blood pressure of hypertensive patients. The work | 
of Sasaki et al.?9? offers the most convincing evidence of the 
long-term protective effect of potassium against excess sodium 
intake in man. However, debate continues as to whether so- 
dium intake is “important” in human hypertension. As Page** 
remarks, “about once every generation salt is rediscovered 
So it is referred to as common.’ à 

'The animal models indicate that, for any given sodium and. 
potassium intake, and depending upon the genetic mix, there | 
will be some blood pressure that is characteristic of that in- ` E 
take. Blood pressure will be higher in a “sensitive” strain and 


4 
l 
j 
4 


lower in a “resistant” strain if the population is made up of 


some animals with each kind of genetic material and if there | 
is enough sodium in the diet to bring out the hypertensive trait — 
and not so much potassium it will be masked. This is the 
saturation effect. If all the members of a population are eating — 





DIUM-LOW POTASSIUM ENVIRO 





a diet with sodium substantially in excess of requirement, 
everyone who is genetically predestined to have salt-induced 
hypertension will do so, where those lacking the salt-sensitive 

‘ait will remain normotensive and there will be no particu- 
larly characteristic distinction between the salt intake (or 
urinary sodium excretion) of normotensive and hypertensive 
subjects. The system is saturated. 


3 Clinical Implications 


F Risk factors in hypertension: Epidemiologic 
studies have amply documented that certain measur- 
ble factors indicate increased susceptibility to hyper- 
ension. Some of these, although highly correlated with 
ater development of hypertension, cannot be altered. 
It is generally true that no one factor, or any identified 
combination of factors, can specifically identify a Me 
whose blood pressure is now “within normal limits" 
one who is definitely destined to become hypertensive. 
he implications of the “tracking phenomenon," par- 
icularly applicable to those whose blood pressures are 
En at or even somewhat above the “upper limit of 
normal," has also been discussed. Evidence was pre- 
sented that our accepted definition of “upper limit of 
10rmal”’ is probably wrong. Most young people whose 
D pressure is “at the upper limit of normal” are actually 
hypertensive, but these identifiable candidates for se- 
"ious elevation of arterial pressure later in life are only 
a fraction of those destined to become hypertensive. The 
thers are “hidden” in the middle zone of the array of 
blood pressures near the mean for the age and sex in 
question. Part of this effect, as indicated earlier, is due 
to the upward displacement of the entire distribution 
f blood pressures in the American population. Factors 
hat contribute most importantly are genetic suscepti- 
bility to hypertension, the “high sodium-low potassium 
anvironment” and psychosocial stress. Although obesity 
is clearly a correlate of hypertension, Dahl et al.?4 
produced some quite convincing evidence that the 
higher salt intake of the heavy eater is the real deter- 
minant. 
. Importance of low sodium-high potassium diet: 
Some are not certain how important excess salt intake 
may be in the etiology of hypertension. However, there 
is no question that reduced sodium intake can be ther- 
apeutic in many patients with essential hyperten- 
sion.1?^-1?7 [t is well established that hypertensive pa- 
tients who respond to diuretic agents with an appre- 
viable reduction of arterial pressure also respond to low 
odium diets.!96.1?7 There is now an extensive body of 
idence from both animal models?’:2°? and human 
studies? that a large intake of potassium is protective 
against the hypertensigenic and probably other toxic 
effects of excess dietary sodium chloride. Most Ameri- 
cans consume daily an amount of sodium that is greatly 
in excess of nutritional requirements.'*° Custom in the 
reservation, marketing and preparation of foods 
zreatly increases dietary sodium and concurrently de- 
pletes potassium.!9? It is therefore rational, in treating 
hypertension, first to institute a dietary regimen as low 
in sodium and as high in potassium as possible without 
zoing to such extremes as dialyzed milk and other ex- 
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pensive foods. This is not the current general recom- 
mendation of authoritative bodies sponsoring nation- 
wide educational efforts to ameliorate the havoc of hy- 
pertension. Their recommendation is to embark im- 
mediately upon diuretic therapy “in those who require 
treatment” and to do no more about sodium intake than 
to counsel against “abuse” of salt. This may be a wise 
recommendation because long experience has shown 
that the “low sodium diet” alone has not proved effec- 
tive in the clinic or office practice of medicine.!*° Nev- 
ertheless, it is rational to begin with such a moderate low 
sodium-high potassium regimen for two reasons. First, 
it will control blood pressure in an appreciable number 
of patients. Second, the effective dose of a diuretic 
agent, should it be needed, will be smaller.!?? 

One would be naive to believe that dietary interven- 
tion would meet with success in all instances. Were this 
the case, low sodium diets would already have a larger 
place in the management of hypertension among am- 
bulatory patients. There will be a spectrum of degree 
of compliance with such dietary recommendations. This 
compliance is measurable by sodium and potassium 
analysis of urine. In this regard, there will inevitably also 
be a spectrum of “success” in the urinary data. First, as 
noted above, there is a discordance between sodium and 
potassium content in the 24 hour urinary collection and 
the mean for 6 days of collection, with, for example, 
correlation coefficients of about 0.7 to 0.8 for 24 hour 
collections versus 6 days’ collection in one carefully 
performed study. !% 

Management of a young person with borderline 
hypertension: An adult with high blood pressure has 
a life-shortening condition, and his outlook for the fu- 
ture is better if he is treated. We argue that more em- 
phasis should be put upon the low sodium-high potas- 
sium diet as the primary maneuver but are aware that 
it is hard to achieve. However, the problem is different 
with young people who do not have definite elevations 
of pressure. 

The only studies we know of medication in young 
people with borderline hypertension are the proposal 
of E. H. Kass to use a “small amount of diuretics” for 
“a short time" in children with essential hypertension 
to see whether that will “get them off the track” and 
Pierre Biron's trial of the beta adrenergic blocking agent 
propranalol in 10 children “with essential hyperten- 
sion," 8 to 17 years of age. Biron gave a placebo for 4 
months, then the drug for 4 months. There was “an 
average reduction of 25 mm Hg in the children's systolic 
pressure. The children all said they ‘felt better’ while 
receiving the drug and no side effects were noted." Biron 
is quoted as stating that “... there is a big question as 
to whether these children should be treated with such 
a drug for 10 to 20 years with eventual possible toxic 
effects...” ?? If the hypertension or the “susceptibility” 
to it is real, 10 to 20 years of treatment should be too 
short a time. In our view treatment of hypertension is 
a life-long problem. Elderly rats that eat too much salt 
become hypertensive.!?5 We think dietary intervention 
would be more rational than drug treatment. It ob- 
viously will have to be on an individual basis because it 
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will be a long time before the high sodium-low potassi- 
um environment is changed. 

Rational program for the hypertension-prone 
normotensive person: One might speculate that a ra- 
tional clinical algorithm for the management of a nor- 
motensive patient thought to be hypertension-prone 
might look something like this: 

1. By careful history taking, ascertain if there is hy- 
pertension in the parents, grandparents, uncles and 
aunts or among the siblings. 

2. If the family has no hypertension and the blood 
pressure is in the mid-normal range, observe it at rea- 
sonable intervals. Unless it shows an upward trend, 
congratulate the patient. 

3. If the family has hypertension or if the once nor- 
motensive patient shows an upward trend of the blood 
pressure, resolve to intervene. 

4. Review your malpractice insurance and the laws 
and policies pertinent to informed consent. 

5. Depending upon the conclusions reached in Step 
4, decide whether to prescribe a diet reasonably low in 
sodium and high in potassium or whether to make a 
therapeutic trial of an antihypertensive drug. Reflect 
upon the consequences of giving a drug for high blood 
pressure to someone who does not have high blood 
pressure in the commonly accepted sense of the word. 
Reflect also upon the fact that a substantial reduction 
of blood pressure in the latter case might provide some 
pretty clear-cut evidence the patient did have high 
blood pressure. Remember that some drugs (if you give 
enough) will reduce anyone’s blood pressure. Better 
study which drug to give. 

6. Most patients with essential hypertension respond 
to saluretic diuretic agents. Evidence indicates that 
these are the same patients who respond to salt re- 
striction with a diminution in extracellular fluid vol- 
ume.'?5 Not all patients with hypertension respond to 
saluretic diuretic drugs or a low salt diet in spite of a 
reduction in extracellular fluid.*!?? If your patient has 
a strong family history of hypertension you may want 
to press further. Some patients do respond to the ad- 
dition of propranolol. 

7. Even if a drug should produce some pretty good 
evidence that your patient is really a candidate for se- 
rious hypertension, you would probably want to treat 
with diet rather than drug since your patient is now 
looking at a lifetime problem. Remember that it takes 


= er yO "NAT Cc9TT PC as aoe WT GERUUSUTENS 


| HIGH SODIUM-LOW POTASSIUM ENVIRONMENT—MENEELY AND BATTARI EE 





nearly 3 years to show that rats that eat a correct diet 
live longer than rats that eat too much salt and not. 
enough potassium. It will not be in your lifetime or ours 
that the point will be proved in man, since a year for 
man is about 10 days for a rat. Have faith in the animal 
model. Comfort yourself with the thought that it would 
be hard to sue you for prescribing a rational diet. Con- 
tinue to observe the blood pressure. If it continues an. 
upward trend in spite of a reasonably low sodium-high 
potassium diet, there is time enough to initiate appro- 
priate drug therapy. 4 
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Addendum 3 
Since submission of this manuscript, a new paper by 


Derek Denton has come to the attention of the authors: S: 
“Hypertension: A Malady of Civilization?” (In, Sys- 
temic Effects of Antihypertensive Agents (Sambhi MP,- 
ed). Stratton Intercontinental Medical Books, New! 
York, 1976, p 597—583), which gracefully develops the 
evolutionary thesis we have discussed above: X 


"Given the pivotal role of Na in the expression of the hy 
pertensive process, a legitimate question follows. Can it be 
concluded that a high maternal salt intake, followed by a high | 
intake during infancy and childhood, which then is sustained - a 
by induced hedonic preference through the next three to four 
decades of life is of little or no relevance to the basic genesis 
of hypertension in the Western urban community? . i d 

“I would like to consider this question in a phylogenetic 1 
context on the basis that high salt intake is essentially a new 3 
nutritional situation of the past hundred years or so of — 
zation. This can be set against the fact that the physiological 
character of the appetite and regulatory metabolic systems 
of primates and man have evolved over millions of years or 
conditions where dietetic Na intake has been low and K+ | 1 
intake high ... perhaps the high salt intake from infancy to 
middle age of a large segment of the population in Western . 4 
communities is an important factor in the causal expression | 
of other jointly sufficient and severally necessary factors - g 
which, in the long term, contrive the hypertensive state.” 
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Role of Hypertension in Atherosclerosis and 
Cardiovascular Disease 


2 
bs 


WILLIAM HOLLANDER, MD Clinical, experimental and pathologic studies strongly indicate that hy- 
E, pertension is a major factor in coronary heart disease, sudden death, 
stroke, congestive heart failure and renal insufficiency. The deleterious 
effect of the elevated blood pressure on the cardiovascular system ap- 
pears to be due mainly to the mechanical stress placed on the heart and 
blood vessels. Humoral factors and vasoactive hormones such as angi- 
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| otensin, catecholamines and prostaglandins may play a role in the 
E pathogenesis of hypertensive cardiovascular disease but this role has not 
es yet been defined and is probably secondary. 


Hypertension, and the resulting increase in tangential tension on the 
b: myocardial and arterial walls, leads to the development of hypertensive 
E heart disease and congestive heart failure as well as hypertensive vas- 
cular disease that affects not only the kidneys but also the heart and brain. 
Hypertensive vascular disease involves both large and small arteries as 
well as arterioles and is characterized by fibromuscular thickening of the 
intima and media with luminal narrowing of the small arteries and arte- 
rioles. The physical stress of hypertension on the arterial wall also results 
in the aggravation and acceleration of atherosclerosis, particularly of the 
coronary and cerebral vessels. Moreover, hypertension appears to in- 
crease the susceptibility of the small and large arteries to atherosclerosis. 
Thus the patient with hypertension is a candidate for both hypertensive 
and atherosclerotic vascular disease of the coronary and cerebral vessels 
leading to occlusive disease of both the large and small arteries and re- 
| sulting in myocardial infarction and stroke. Other major complications 
x of hypertensive vascular disease include rupture and thrombotic occlusion 
| of blood vessels, especially in the brain. 

Disease of the arterial media, which begins in childhood with the de- 
position of calcium in the vessels, may be an important cause of arterial 
hypertension. This form of hypertension may manifest itself in adults as 
arteriosclerotic hypertension and lead to cardiovascular complications 
very similar to those of essential hypertension. The relation of arterio- 
sclerotic hypertension to nutritional factors, including dietary salt intake, 
deserves study. 


SEL GERA ee NSSS 
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Disease of the cardiovascular system is the leading cause of death in this 
country, and arteriosclerotic heart disease and stroke account for most 
of the mortality and morbidity.! There is substantial clinical and ex- 
perimental evidence that hypertension is one of the most important 
etiologic factors in cardiovascular disease. More than 50 percent of pa- 
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There is considerable evidence that control of blood 
pressure will prevent many of the cardiovascular com- 
plications of hypertension including congestive heart 
failure, hemorrhagic stroke, progressive renal damage, 
dissecting aneurysm and accelerated hypertension.?-? 
Although it has not been established that antihyper- 
tensive treatment reduces the atherosclerotic compli- 
cations of hypertension, the clinical and experimental 
evidence strongly suggests that the early detection and 
treatment of hypertension could result in substantial 
reduction in morbidity and mortality from coronary 
atherosclerotic heart disease and atherothrombotic 
stroke. This paper reviews the pathologic and physio- 
logic factors that may influence the course and treat- 
ment of hypertensive cardiovascular disease. 


Interrelations Between Hypertensive and 
Atherosclerotic Vascular Disease 


Hypertensive vascular disease and atherosclerotic 
vascular disease are separate disorders that cause sim- 
ilar but distinguishable biochemical and pathologic 
changes in the arteries. Both diseases lead to obstructive 
vascular lesions, but the patterns of distribution differ. 
Atherosclerosis mainly affects large and medium-sized 


vessels, whereas hypertensive vascular disease is pri- 
 marily a disease of small arteries and arterioles although 


it also causes changes in large vessels. Atherosclerosis, 
when associated with hypertension or diabetes, also may 
involve small arteries, particularly those in the brain 
and heart. Studies on the natural history and epidem- 
iology of atherosclerosis indicate that hypertension 
accelerates the progression of atherosclerosis in all 
populations.® As seen at autopsy, atherosclerosis of the 
aorta, coronary arteries, cerebral arteries and other 
major vessels is more extensive and more severe in hy- 
pertensive than in normotensive subjects. These studies 
also suggest that the effect of hypertension on the de- 
velopment of clinical coronary artery disease is in- 
fluenced by the severity of preexisting atherosclero- 


- gis. 


Although hypertension can aggravate atherosclerosis, 
it is not clear from experimental, pathologic and epi- 
demiologic studies that hypertension itself, in the ab- 
sence of other atherogenic factors, can cause athero- 
sclerosis. However, it is well established that hyper- 
tension leads to the development of hypertensive vas- 
cular disease. Recent studies? in the cynomolgus mon- 
key with hypertension produced by coarcting the tho- 
racic aorta demonstrated that animals fed a low cho- 
lesterol diet did not manifest complicating atheroscle- 
rosis but had arterial changes characteristic of hyper- 
tensive vascular disease. The experimentally produced 
hypertensive lesions involved not only the larger arteries 
such as the coronary and cerebral vessels but also the 
small branches of these arteries. The changes in the 
large and small arteries appeared to be similar and in- 
cluded thickening of both the intima and media. The 
thickening of the cerebral vessels as well as the small 
extramural and intramural branches of the coronary 
arteries appeared to produce significant luminal nar- 
rowing (Fig. 1 and 2). The intimal lesions were usually 
focal, whereas the thickening of the musculoelastic 
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media appeared to involve the entire vessel. These 
vascular changes occurred in the arteries proximal but ` 
not distal to the coarctation, thus suggesting that they À 
are caused by high blood pressure with a resulting — 
increase in tangential stress on the arterial wall. z * 

Pathology of the intimal and medial lesions: The — 
thickening of the intima and media in the hypertensive 
vessel appeared to be due to fibrocellular proliferation — 
with deposition of acid mucopolysaccharides. Similar © 
intimal and medial changes have been described in the 
coronary arteries of patients with coarctation of the 
aorta.? These findings are consistent with previous. 
biochemical and metabolic studies indicating that 
thickening of the arterial media in hypertension is due | 
to hyperplasia and hypertrophy of the medial smooth | 
muscle cell as well as an increase in the content of col- . s 
lagen, elastin, acid mucopolysaccharides and electro- 
lytes and water in the arterial media.?-!? E 

In both hypertension and atherosclerosis the intimal — 
lesions are focal and characterized by proliferation of — 
cells, connective tissue and acid mucopolysaccharides. ' 
One major difference is the accumulation of lipid in : 
atherosclerotic lesions and the absence of excess lipid d 
in hypertensive lesions. These findings are consistent — 
with earlier observations that hypertension has a major | 
effect on the metabolism of the acid mucopolysaccha- | 
rides and connective tissue proteins of the arteri 
without necessarily altering the metabolism of lipids or 
the influx of plasma cholesterol and lipoproteins into 
the arteries.?.14.15 E 

Acceleration of atherosclerosis by hypertension: £5 
Studies in subhuman primates and other animal model: 
support the findings in man that hypertension accel- X 
erates and aggravates atherosclerosis./9-?!] When 
monkeys with hypertension induced by coarctation ol 
the thoracic aorta were fed a hypercholesterolemic diet, 
they had more severe atherosclerotic involvement of the 
vessels above the coarctation, particularly the coronary : 























and cerebral arteries, than that of normotensive mon- 
keys fed the same diet.’ The hypertensive monkeys also 
manifested severe atherosclerosis of the small branches _ 
of the coronary and cerebral arteries, whereas these 
vessels (as well as the major cerebral arteries) were un- | 
involved in the normotensive monkeys. The distribution | 
of the atherosclerotic lesions appeared to be the same 1 
as the distribution of the hypertensive vascular lesions 
found in monkeys with coarctation fed a low cholesterol 1 
diet. These findings suggest that the fibrocellular 
thickening of the intima of the large and small arteries | 
caused by hypertension increases the susceptibility of - 
these vessels to atherosclerosis. The findings also could 1 
explain the increased risk in hypertensive persons that — 1 
premature clinical coronary and cerebral vascular dis- - 
ease will develop. é 
The actual mechanism by which hypertension | 
aggravates atherosclerosis has not been established. Š 
However, the available evidence appears to indicate that — 
the changes in connective tissue metabolism and end | 
dothelial permeability associated with atherosclerositl 4 
are increased by hypertension. In both hypertension : 
and atherosclerosis an increase in vascular permeability 4 
as well as an augmented biosynthesis of deoxyribonu- 


cleic acid (DNA), collagen, elastin and acid mucopoly- thology of the disease and its association with athero- 
saccharides in the arteries has been reported.9-10.22-29 sclerosis. These categories include (1) hypertensive 


. Classification of Hypertensive Vascular Disease 
and its Complications 


vascular disease, (2) hypertensive and atherosclerotic 
vascular disease, and (3) hypertensive and arterioscle- 
rotic vascular disease, which consists of diseases related 


Vascular complications: The vascular complica- to atherosclerosis, calcific medial sclerosis and arteri- 
tions of hypertension (Table I) may be classified into olosclerosis. 'T'he stage of the vascular disease appears 
three broad categories or stages according to the pa- to be related to the age of the patient and the duration 
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FIGURE 1. Histologic appearance 
of a basilar artery from a monkey 
fed a low cholesterol diet after hy- 
pertension induced by coarctation 
of the thoracic aorta. The artery and 
its small branches show marked 
thickening of the musculoelastic 
media. The intima of the basilar 
artery is noticeably thickened by 
proliferative changes of the elastic 
and collagen fibers. Luminal nar- 
rowing appears to result from these 
changes. (Weigert-van Gieson 
X200, reduced by 21 percent.) 


FIGURE 2. Histologic appearance 
of a small extramural branch of the 
left coronary artery of a monkey fed 
a low cholesterol diet after hyper- 
tension induced by coarctation of 
the thoracic aorta. The intima is ir- 
regularly thickened and shows 
proliferation of elastic and collagen 
fibers. No lipid is seen. The thick- 
ened intima and media appear to 
reduce the caliber of the vessel. 
(Weigert-van Gieson X500, re- 
duced by 27 percent.) 
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of the hypertension. Hypertensive vascular disease 
usually begins before the age of 35 years and progresses 
with age. After age 40, the disorder is frequently asso- 
ciated with atherosclerotic disease and after age 55 with 
diffuse arteriosclerosis. 

In uncomplicated hypertensive vascular disease, as 
described earlier, both the large and small vessels show 
arterial sclerotic changes characterized by fibromus- 
cular thickening of the intima and media with marked 
deposition of acid mucopolysaccharides. In accelerated 
or malignant hypertension, the proliferative changes in 
the arteries, particularly the small arteries and arteri- 
oles, are often followed by necrotic changes that may 
result in the formation of microthrombi, microinfarcts 
and rupture of vessels. Degenerative changes in the 
musculoelastic media also can occur in “benign” forms 
of hypertension and lead to the formation of saccular 
and dissecting aneurysms. Arteriolar hyalinization and 
elastic hyperplasia are recognized manifestations of 
benign hypertension although they also occur with in- 
creased frequency in the elderly and in patients with 
diabetes. On the other hand, necrotizing arteriolitis, 


_ fibrinoid degeneration and cellular hyperplasia or 


“onion skin lesions" are usually considered pathogno- 
monic of malignant hypertension. 

Hypertensive versus atherosclerotic complica- 
tions: The sequelae of hypertension may also be clas- 
sified clinically into hypertensive or atherosclerotic 
complications. Hypertensive complications are those 
directly due to hypertension. They appear to be caused 
by the direct mechanical effects of the hypertension on 
the heart and blood vessels and are preventable with 
effective antihypertensive treatment. These compli- 
cations include (1) left ventricular hypertrophy, (2) 
congestive heart failure, (3) dissecting aneurysms, (4) 
hypertensive retinopathy, (5) malignant hypertension, 
(6) hypertensive crises or encephalopathy, (7) intrace- 
rebral and subarachnoid hemorrhage, and (8) renal 
failure. The atherosclerotic complications of hyper- 
tension are manifestations mainly of advanced ath- 
erosclerosis and include (1) coronary heart disease and 
its sequellae of angina pectoris, myocardial infarction 
and sudden death, (2) atherothrombotic strokes, (3) 
aortic aneurysm, (4) peripheral vascular disease, and (5) 
renal arterial stenosis. The atherosclerotic complica- 
tions are much more difficult to control than the hy- 
pertensive complications and are largely responsible for 
the morbidity and mortality in both the treated and 
untreated hypertensive patient. 


Pathogenesis of Hypertensive Vascular Disease 


The major mechanisms that have been implicated in 
the pathogenesis of hypertensive vascular disease are 
schematically outlined in Figure 3. Many of these 
mechanisms are similar to those described previously!? 
in the production of atherosclerotic vascular disease. 
According to current concepts, two types of cells in the 
arterial wall play key roles in the development of hy- 
pertensive vascular disease (as well as atherosclerotic 
vascular disease). These are the arterial smooth muscle 
cell responsible for the metabolic changes in the artery, 
and the endothelial cell, responsible for changes in 
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permeability. The endothelial cell lining the arterial - 
intima has been shown to contain contractile proteins?? | 
that probably participate in the regulation of vascular . 
permeability by altering the openings between the i in- 1 
terendothelial junctions. 

Increased vascular permeability—the endatlied a 
lial cell: The transport of material across the endo- — 
thelium can take place by intercellular and transcellular . 
routes. The available evidence suggests that under . 
normal conditions passage through intercellular clefts : 
is restricted to small and medium size particles with a 
diameter of less than 90 À, whereas macromoleculesam 
including proteins and lipoproteins, are carried through 
the cell solely by pinocytosis.?!-?? Under abnormal . 
conditions in which the endothelial cells are damaged - 
or are exposed to relatively high concentrations of va- - 
soactive amines such as angiotensin, histamine, sero- 
tonin and catecholamines, contraction of endothelial - 
cells may occur and thereby permit the passage of — à 
macromolecules as well as small molecules through the - 
interendothelial junctions.?4-?7 

There is considerable morphologic and physiologic - s 
evidence that intimal permeability of the arteries is. 
increased in experimental hypertension, particularly 3 














TABLE I 


Classification of Hypertensive Vascular Disease 
and Complications 


|. Hypertensive vascular disease 
A. Large and medium-sized vessel disease 
1. Arterial sclerosis 
a. Fibromuscular thickening of arterial wall (might 
predispose to atherosclerosis and thrombosis) 
2. "Berry'' aneurysm 
a. Rupture with subarachnoid hemorrhage 
b. Tumor syndrome 
3. Dissecting aneurysm 
a. Rupture and hemorrhage 
b. Arterial occlusion 
B. Small vessel disease 
1. Arterial sclerosis of small arteries 


a. Fibromuscular thickening of arterial wall <a 
(might predispose to atherosclerosis and thrombosis) - 
b. Luminal narrowirig and resulting ischemia S 


c. Luminal narrowing with thrombosis and microinfarcts —' 
2. Arteriolar sclerosis Gi 
a. Benign lesion 1 
1. Luminal narrowing with ischemic changes 3 
b. Malignant lesion (arteriolonecrosis) | 
1. Luminal narrowing with ischemia 
2. Luminal narrowing with microthrombi and 
microinfarc ts = 
3. Rupture with focal hemorrhage C 
4. Microangiopathic hemolytic anemia 
Il. Hypertensive and atherosclerotic vascular disease 
A. Hypertensive vascular disease (as above) (p/us) 
B. Atherosclerotic vascular disease of both large and small 
arteries ] 
1. Luminal narrowing with ischemia, ischemic necrosis and 
fibrosis 
2. Atherothrombotic occlusion with infarction 
3. Emboli from mural thrombus of plaque 
4. Cholesterol emboli from ulcerated plaque 
III. Hypertensive and arteriosclerotic vascular disease 
A. Hypertensive vascular disease (as above) (p/us) 
B. Atherosclerotic vascular disease (as above) (p/us) 
C. Calcific medial sclerosis 
1. Arteriosclerotic hypertension 
2. Arteriosclerotic aneurysm 
3. Dissecting aneurysm 
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-when the disease is severe or in its early stages. Duncan 
_ et al.?? have demonstrated in the dog with experimen- 
_ tally induced hypertension that elevation of blood 
- pressure greatly accelerates the passage of labeled al- 
- bumin from the plasma into the inner layers of the 
E proximal portion of the aorta. These workers?? as well 
__as Fry?? have shown that increased tangential stress or 
_ stretching of the aortic wall, rather than increased 
_ pressure as such, increases the flux of serum albumin 
_ across the endothelial surface of the thoracic aorta in 
_ vitro. Carew and Patel*® have presented evidence that 
f the influx of dye-tagged albumin into the isolated per- 
fused left coronary arteries of the dog also increases with 
enses i in arterial pressure and tangential stress as 
- well as with increases in shear stress. 
E The increase in vascular permeability reported in 
different forms of experimental hypertension appears 
3 to be due to an increase in transendothelial transport 
- and to an opening and widening of the interendothelial 
| junctions. Actual pathologic damage to the endothelial 
lls also may occur during severe hypertension and 
— Giese,*! Jellinek? and ether: have advanced the 
NS that an increase in vascular permeability with 
resulting insudation of plasma and plasma proteins into 
the arterial wall is primarily responsible for the devel- 
_ opment of hypertensive vascular disease. Vascular hy- 
-perpermeability also has been demonstrated in ath- 
| erosclerosis and likewise is believed by many workers 
_ to play a key role in the development of this disease. It 
_ has been postulated that injury to the endothelial cell 
s an atherogenic stimulus, such as hyperlipidemia, 
acreases vascular permeability to plasma low density 
lipoproteins that act on the arterial smooth muscle cell 
to initiate the atherosclerotic process. Although in- 
| creased amounts of lipids and low density lipoproteins 
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have been demonstrated in atherosclerotic vessels, they 
have not been shown to be present in uncomplicated 
hypertensive lesions.*? 

Hypertrophy and hyperplasia of arterial smooth 
muscle cell: The arterial smooth muscle cell is the 
predominant cell in the artery and is present in in- i 
creased numbers in the thickened intima and media of 
the hypertensive artery. Large number of these cells are 
also present in the raised intima of atherosclerotic 
vessels. The smooth muscle cell is a multifunctional 
cell**6 that in the presence of hypertension (or an 
atherogenic stimulus) multiplies and synthesizes in- 
creased amounts of acid mucopolysaccharides, collagen 
and elastin.?5.47-49? An increased synthesis of DNA, ri- 
bonucleic acid (RNA) and protein also occurs in hy- 
pertensive vessels!9505! and probably reflects prolif- 
eration of the smooth muscle cell. Hypertrophy of the 
smooth muscle cell is also a characteristic finding and 
is manifested chemically by an increase in the RNA to 
DNA ratio in the hypertensive artery. There is growing 
evidence that the endothelial cell, like the medial 
smooth muscle cell, is a multifunctional cell that can 
synthesize fibrous proteins and change into an intimal 
smooth muscle cell.445? 

As shown in Figure 3, hypertension and the resulting 
increase in tangential tension or stretch on the arterial 
wall may affect the smooth muscle cell and endothelial 
cell directly; or, the effects may be indirect, mediated 
through plasma and tissue factors such as platelets, 
plasma proteins and vasoactive hormones including 
angiotensin, histamine, catecholamines and the pros- 
taglandins. The arteries appear to respond in a uniform 
manner to an increase in blood pressure regardless of 
the cause or level of plasma renin activity (Tables II and 
III). The characteristic changes include thickening of 
the vessel wall, increases in the weight and water con- 


Plasma, Plasma Proteins, 
Platelets, Lysosomal Enzymes, = 
Catecholamines, Renin, 
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tent of the artery and significant increases in the abso- 
lute amount of protein, collagen, elastin, DNA and RNA 
contained in the artery. The most pronounced changes 
are in the protein and RNA content of the vessel. These 
findings, together with an increase in the RNA to DNA 
ratio, are consistent with significant hypertrophy as well 
as hyperplasia of the arterial smooth muscle cell. 


Vasoactive Hormones and Vascular Disease 


Renin and angiotensin: That renin may induce or 
accelerate vascular disease is an attractive concept?? and 
is consistent with the experimental data°+~°® showing 
that exogenous angiotensin is capable of increasing 
vascular permeability and causing damage to the arte- 
ries. This concept, although not established, is an im- 
portant one deserving further study. At present there 
is no good evidence in clinical or experimental hyper- 
tension that plasma renin plays a primary role in the 
pathogenesis of vascular disease. The available data 
indicate that the vascular complications of hypertension 
are primarily related to the duration and severity of the 
hypertension and its mechanical effects on the arterial 
wall. However, a secondary role of renin and angiotensin 
in vascular disease is not excluded because renin activity 
of the plasma frequently increases in severe hyperten- 
sion as a result of vascular damage to the kidney pro- 
duced by the high level of blood pressure. Renin and 
angiotensin contained in the arterial wall may also play 
a role in vascular injury. Renin-like activity?758 and 
angiotensin I-converting enzyme activity?? have been 
demonstrated in the arteries, and recent immunohis- 
tochemical and tissue culture studies indicate that these 
enzymes are contained in the endothelial cells.90.6! 
Earlier studies®® have indicated a role for the arteries 
in inactivating angiotensin. 

Other vasoactive hormones in arterial wall: The 
arterial wall contains in addition to renin other va- 
soactive hormones that also could influence its function 
by altering vascular permeability, metabolism and 
contractility.596? These hormones appear to be syn- 
thesized and released by the arteries and include nor- 
epinephrine, histamine and the prostaglandins.59:63-65 
Recently a vasodepressor factor with potent vasodi- 


TABLE Ill 


=- = HYPERTENSION IN CARDIOVASCULAR DISEASE—HOLLANDER 


See 


lating properties has been identified in the vessels. 6667. 
Both the endothelial cell and arterial smooth muscle cell 
grown in tissue culture have been shown to synthesize | 
PGE» and PGF5,$5-7? with synthesis apparently being - 
enhanced by angiotensin and bradykinin.®°:®*:6 There — 
is also some evidence that the synthesis and metabolism - 
of the prostaglandins may be altered in certain forms : 
of experimental hypertension./???! Investigation of 
histidine decarboxylase activity of the arteries suggests — 4 
that the synthesis of histamine by the endothelial cells" 
of the aorta is increased in experimental hypertension | 
and atherosclerosis.?? ] 
Histamine and serotonin: In addition to the arterial | 
smooth muscle cell and endothelial cell, the periarterial — 
mast cell appears to synthesize several different va- | 
soactive hormones such as histamine and serotonin.” — 
The mast cell also appears to be capable of storing and | 
releasing large amounts of these hormones. There is - 
growing evidence that this cell accumulates in large - x 
numbers in the adventitia of vessels containing fibrous : 
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TABLE II 


Blood Pressure and Plasma Renin in Mineralocorticoid- * 
and Renal-Induced Hypertension in the Rat* 
(mean + standard error) 





5 

Mineralocorticoid 4 

Study Renal Study E- 

DOC Renal 28 

Hyper- Hyper- 

Control tension Control tension! 

Body weight (g) 34257 352 ż 6 365 +5 350+ 8 *3 
Blood pressure 108+6 —187:88 104+5 1854+98 | 
(mm Hg) 3 
Plasma renin 3.42103 0940.18 38404 1242148 — 
(ng/ml ; 
per hour) | 3 

* See Reference 123. E 


Hypertension was induced by weekly subcutaneous injections of 
10 mg deoxycorticosterone (DOC, Percortin) for 6 weeks with 1 persis E 
cent sodium chloride in drinking water. 4 
i Two-kidney renal hypertension was produced by clipping the 
left renal artery for 8 weeks. 1 


8 Probability (P value) «0.01. l 


Chemical Composition of Aorta of Rats with Mineralocorticoid- and Renal-Induced Hypertension (mg/aorta)* 


(mean + standard error) 





Mineralocorticoid Study Renal Study Zz 
DOC Renal l 
Control Hypertension! % A Control Hypertension? 90 A 3 
Aortic wet weight 40.22 * 0.82 58.14 * 1.21 +44.6 50.11 + 1.20 71.03 + 1.43 *41.7 
Aortic water content 28.81 * 0.70 41.73 * 0.94 +44.8 36.42 + 0.91 51.85 + 1.33 *42.4 
Aortic dry weight 11.40 + 0.25 16.40 + 0.19 *43.9 13.75 + 0.28 19.27 + 0.17 *40.1 - 
Protein 2.40 + 0.05 4.12+ 0.08 +71.7 3.42 + 0.07 5.81 + 0.09 +69.9 - 
Elastin 5.10 + 0.10 7.09 + 0.13 +39.0 6.61 + 0.13 8.92 * 0.12 +34.9 
Collagen 1.48 * 0.04 2.01 * 0.05 *35.8 2.26 * 0.07 3.16 * 0.06 +39.8 5 
Cholesterol! X 10 0.52 * 0.02 0.79 + 0.02 +51.9 0.66 + 0.03 0.99 + 0.04 +50.0 3 
DNA X 10 0.73 + 0.02 1.01 * 0.02 *38.4 0.92 * 0.02 1.25 + 0.03 +35.9 . 
RNA X 10 0.95 + 0.02 1.59 + 0.03 167.4 1.02 + 0.02 1.70 + 0.03 +66.6 — 
s 
* See Reference 123. 3 
Hypertension induced as shown in Table ll. 4 
A 
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plaques,” and recent evidence” suggests that there is 
an increased number of these cells in hypertensive 
vessels. 


: Platelets and Vascular Disease 


— Platelets and vasoactive substances: The role of 
platelets in hypertensive vascular disease is not clear 
although platelet aggregates have been described on the 
endothelial surface of hypertensive vessels.’° Evidence 
has been presented that many factors leading to vas- 
cular injury may cause platelet aggregation and the re- 
lease of platelet constituents, many of which are va- 
soactive and potentially inflammatory and atherogen- 
c.” The vasoactive substances that are releasable by 
platelets include adenosine diphosphate, histamine, 
serotonin, epinephrine and prostaglandins (PGEs, 
PGF»). Recent reports also suggest that aggregating 
platelets may release cyclic endoperoxides (PGGo, 
PGH;) and thromboxane Ag, which have potent vaso- 
constrictor activities." In addition, the platelets appear 
capable of releasing elastase and other lysosomal en- 
ymes that could act to damage the arterial wall. The 
platelets also have been shown to secrete a protein 
(platelet factor 4) that can neutralize heparin.” The 
í ictivity of this factor as well as platelet factor 3, a 
membrane lipoprotein that accelerates coagulation, is 
feported to be elevated in atherosclerotic vascular dis- 
ease. 
- Arterial thrombosis: There is substantial evidence 
that platelets play a primary role in the thrombotic 
complications of atherosclerosis. There also is some 
experimental and clinical evidence that hypertension 
may precipitate arterial thrombosis by injuring the ar- 
b intima or by rupturing the surface of an athero- 
‘sclerotic plaque.9? The interaction of blood platelets 
with exposed collagen or basement membrane of the 
artery to form platelet aggregates appears to be a fun- 
damental mechanism involved in the initiation of 
thrombosis.5.5? This mechanism probably accounts for 
the occurrence of occlusive thrombi at sites of rupture 
or ulceration of the surface of atherosclerotic plaques. 
Some of the vasoactive hormones produced and released 
by the arterial wall, such as PGE» and PGF »,, are also 
capable of causing platelet aggregation and conceivably 
could play a role in arterial thrombosis. 
_ Abnormal platelet function: Abnormal platelet 
function has been reported in subjects who have had 
complications of atherosclerosis or in those who appear 
to be susceptible to the disease.” These abnormalities 
include shortened platelet survival time, increased 
platelet turnover and an increased platelet adhesiveness 
and aggregation. Although there may be a possible link 
between platelet reactivity and conditions such as hy- 
pertension that predispose to the development of ath- 
'erosclerosis, this relation has not been established and 
requires further study. 
| Lysosomes and Vascular Disease 
— In recent years there has been a growing interest in 
the role of lysosomes in the pathogenesis of hypertensive 
and atherosclerotic vascular disease. Lysosomes are a 
heterogeneous group of cytoplasmic granules that 
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contain acid hydrolases with widely different specifi- 
cities. These enzymes appear to mediate the digestive 
and lytic processes of the cell and include the cathep- 
sins, proteases, 6-glucuronidase, 8-N-acetylglucosam- 
inidase, acid phosphophatase and DNA. 

Damage to the endothelial cells and smooth muscle 
cells of the arteries may occur during both hypertension 
and atherosclerosis, and the release of lysosomal en- 
zymes from these cells might interfere with the function 
of neighboring cells and thereby aggravate the disease 
processes. The inability of the degradative enzymes to 
keep pace with the biosynthetic processes of the cell 
may result in the intracellular accumulation of sub- 
stances that also may impair cell function. A deficiency 
of the lysosomal enzyme cholesterol esterase in the 
smooth muscle cells of atherosclerotic vessels has been 
reported*? and could explain the accumulation of cho- 
lesterol ester in the foam cells found in atherosclerosis. 
This enzyme deficiency does not appear to occur in 
hypertension. Lysosomal hydrolase activity has been 
found to be elevated in hypertensive and atherosclerotic 
vessels.94-57 These changes of lysosomal activity may 
reflect increases in the turnover of the smooth muscle 
cells as well as increases in the biosynthetic activity of 
these cells. 

An augmented synthesis of acid mucopolysaccha- 
rides??4 and an increased activity of 8-glucuronidase 
and 8-N-acetylglucosaminidase?^-57 have been dem- 
onstrated in hypertensive and atherosclerotic vessels. 
These changes of enzyme activity suggest an increased 
degradation of acid mucopolysaccharides, which may 
be reduced relative to the synthesis of these macro- 
molecules since they are present in increased amounts 
in hypertensive and atherosclerotic vessels.?:^* Recent 
studies in subhuman primates with hypertension and 
atherosclerosis? indicate that the acid mucopolysac- 
charides contained in the involved arteries may accu- 
mulate intracellularly as well as extracellularly. 


Arterial Lipids and Vascular Disease 


Lipid content in hypertensive versus athero- 
sclerotic lesions: Hypertensive and atherosclerotic 
lesions are distinguished by their lipid content and 
composition. Atherosclerotic vessels contain increased 
amounts of lipids per gram of arterial tissue whereas the 
lipid concentration of hypertensive vessels is nor- 
mal.?1459? The excess lipid contained in the athero- 
sclerotic lesions is histochemically demonstrable by 
staining with oil-Red-O or sudan black, whereas stain- 
able lipids are not detectable in hypertensive vessels. 
The lipid accumulating in the greatest amount in ath- 
erosclerotic lesions at all stages of their evolution is 
cholesterol, especially ester cholesterol. In contrast, the 
concentration of free and ester cholesterol in hyper- 
tensive vessels is not increased. These observations are 
consistent with previous data!*?* indicating a normal 
influx of plasma cholesterol into hypertensive vessels 
and an increased cholesterol flux into atherosclerotic 
vessels. The findings also are consistent with the bio- 
synthesis of cholesterol ester in the arteries, which is 
reported to be normal in hypertensive vessels and in- 
creased in atherosclerotic vessels.90.91 
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Elevation of free cholesterol in hypertensive 
arteries: Although the concentration of cholesterol in 
the arteries is unaltered in hypertension, the absolute 
amount of cholesterol may be somewhat elevated as 
indicated by the total amount of cholesterol in the entire 
vessel or in an anatomically defined segment of the 
vessel. The increase in cholesterol appears to be due 
solely to an increase in nonesterified cholesterol. Ester 
cholesterol, which is present in much smaller amounts 
than free cholesterol in normal and hypertensive vessels, 
does not change in hypertension. The elevation of free 
cholesterol in hypertensive arteries is associated with 
an increase in DNA and RNA content (Table III) and 
is probably due to an increase in cell membrane cho- 
lesterol resulting from hypertrophy and hyperplasia of 
smooth muscle cells. Phospholipids, which are also 
major lipid components of cell membranes, show in- 
creases similar to those of free cholesterol. Cell prolif- 
eration with increased incorporation of cholesterol into 
the newly formed cell membranes also might account 
for the reported increased biosynthesis of cholesterol 
in hypertensive vessels. 9?? 


Hypertension, Coronary Heart Disease and 
Sudden Death 


Hypertension is by and large the most important risk 
factor for coronary heart disease, although the funda- 
mental disturbance in coronary disease is atheroscle- 
rosis. The results of several epidemiologic studies?’ in- 
dicate that the risk of every manifestation of coronary 
atherosclerotic heart disease, including angina, coronary 
insufficiency, myocardial infarction and sudden death, 
is significantly related to the antecedent level of both 
systolic and diastolic blood pressure. 

Effects of hypertension on coronary arteries and 
myocardium: Numerous lines of evidence in animal 
models and man indicate that the adverse effects of 
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FIGURE 4. Role of hypertension in coronary heart disease. 
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hypertension on the course of coronary heart disease are _ 
due to the mechanical effects of a high level of blood © 
pressure on both the coronary arteries and the heart | 
muscle.!? These effects are schematically presented in — 
Figures 4 and 5. The physical (tangential) stress that _ 
hypertension places on the coronary arterial wall ap- . 
pears to cause (1) hypertensive vascular disease of the | 
large and small coronary arteries, with the latter ` 
showing luminal narrowing in addition to fibromuscular - 
thickening of the vessel wall, and (2) acceleration and ~ 
aggravation of atherosclerotic vascular disease with — 
extension of the disease to involve the small branches ~ 
of the coronary arteries. The specific effects of hyper-  : 
tension on the coronary vessels and myocardium of man ~ 
have not been elucidated. However, studies in subhu- - 
man primates’ indicate that the hypertensive changes — 
in the coronary arteries, especially in the presence of ` 
myocardial hypertrophy, may operate to cause myo- - 
cardial ischemia. The hypertensive vascular changes | 
likewise can act synergistically with the atherosclerotic | 
changes in the vessels to cause marked reduction of - 
coronary blood flow. There is also some evidence that 
hypertension may play a role in precipitating coronary | 
thrombosis, although it is well established that ath- ` 
erosclerosis of the coronary vessels generally sets the | 
stage for thrombosis and resulting myocardial infarc- 
tion. The effect of hypertension and other risk factors — 
on myocardial infarction has been reported to be po- 
tentiated by the oral contraceptive agents, which by : 
themselves increase susceptibility to coronary throm- | 
bosis.?^ Diabetes, which appears to cause small coronary | 
vessel disease and to accelerate coronary atherosclerosis, © 
also enhances the effect of hypertension on ischemic - 
heart disease.5:9» 

Hypertension and sudden cardiac death: The risk © 
profile of sudden cardiac death is indistinguishable from 
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FIGURE 6. Heart slice from a hypertensive cynomolgus monkey that 
died suddenly and unexpectedly 6 months after coarctation of the 
thoracic aorta. The heart slice was prepared after perfusion of the heart 
with triphenyl tetrazolium chloride solution.?9 The zones stained red 
i: are intact myocardium. The pale unstained areas represent enzyme 
"(dehydrogenase)-deficient ischemic myocardium involving the papillary 
muscle and posterior and septal walls of the left ventricle. The heart 

showed left ventricular hypertrophy without atherosclerotic narrowing 
bor the coronary arteries. The small extramural and intramural branches 
Bebow marked hypertensive vascular disease with fibromuscular 
| oi and luminal narrowing. 
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that of coronary heart disease with hypertension and 
.an electrocardiographic pattern of left ventricular hy- 
 pertrophy strongly correlated with increased risk of 
_ sudden and unexpected death.96 Sudden coronary death 
" -has been shown to be associated with obstructive (ath- 
- erosclerotic) coronary disease, usually involving several 
-vessels.2798 Acute coronary thrombosis is relatively 
‘infrequent, occurring in about 25 percent of the cases. 
‘In about two thirds of sudden cardiac deaths there is 
‘either acute or old myocardial infarction; subendocar- 
- dial lesions outnumber transmural lesions in acute in- 
: - farction. In a minority cases of sudden cardiac death the 
“coronary arteries have been reported to show less than 
50 percent luminal narrowing. Some of the pathologic 
findings described in the heart of these patients include 
- subendocardial necrosis, small coronary vessel disease 
and platelet aggregates in the coronary microcircula- 
tion. 
_ Acute myocardial ischemia has been demonstrated 
- histochemically in the majority of patients after sudden 
. death.?? These pathologic observations support the 
- concept that sudden cardiac death results from myo- 
- cardial ischemia produced by advanced coronary ath- 
- erosclerosis. In the vast majority of cases the lethal event 
_is ventricular fibrillation. There is growing evidence in 
_ animal models and in man with coronary heart disease 
. that enhanced sympathetic nervous activity and psy- 
- chologic stress may be important factors in precipitating 
_ ventricular fibrillation in the ischemic myocardium.?? 
- Consistent with these observations are recent data!00 
- suggesting that the incidence of sudden cardiac death 
- in patients who have recovered from acute myocardial 
- infarction is greatly reduced by beta adrenergic blocking 
- drugs. 
. Sudden cardiac death has been observed in subhu- 
man primates with experimentally induced hyperten- 
sion and atherosclerosis." The pathologic findings in the 
heart appear very similar to those described in human 
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subjects who die suddenly. These findings include (1) 
severe atherosclerotic narrowing of two or more major 
coronary arteries as well as luminal narrowing of the 
large and small coronary branches; (2) focal myocardial 
ischemia and necrosis; and (3) marked hypertrophy of 
the left ventricle. Studies in the subhuman primate also 
indicate that hypertensive disease of the small coronary 
vessels without complicating coronary atherosclerosis 
but with myocardial hypertrophy is an important cause 
of sudden coronary death (Fig. 6). It is noteworthy that 
45 to 68 percent of persons who die suddenly also show 
myocardial hypertrophy at autopsy.?? It is possible that 
many of these patients had hypertension that, together 
with the myocardial hypertrophy, might have provided 
a background for generating myocardial ischemia and 
sudden death. 

Hypertension and coronary insufficiency: The 
manner in which hypertension and myocardial hyper- 
trophy may lead to coronary insufficiency is shown in 
Figure 5. The arterial pressure is an important hemo- 
dynamic determinant of coronary blood flow and 
myocardial oxygen consumption. Consequently changes 
in blood pressure can alter the balance between myo- 
cardial oxygen supply and demand—an imbalance that 
can result in myocardial ischemia. It is generally agreed 
that the major hemodynamic variables directly related 
to myocardial oxygen requirements include (1) the in- 
tramyocardial tension (product of ventricular systolic 
pressure and radius of the ventricle divided by its wall 
thickness), (2) the heart rate, and (3) the contractile 
state of the ventricle.!?! Variations of ventricular radius 
are related primarily to the end-diastolic volume, which 
is influenced by ventricular compliance, venous return 
and duration of diastole. In hypertension the left ven- 
tricular systolic pressure increases, resulting in an in- 
crease in the left ventricular intramyocardial tension. 
These changes and resulting left ventricular hypertro- 
phy operate to increase myocardial oxygen require- 
ments and thereby enhance the likelihood of angina 
pectoris and coronary insufficiency in hypertensive 
patients who have coronary disease with a relatively 
fixed coronary blood flow.!9?.109 Elevation of heart rate 
is characteristic of hypertension and also may augment 
oxygen demand and risk of coronary insufficiency. 

Effects of antihypertensive drugs: That hyper- 
tension itself increases susceptibility to myocardial 
ischemia is suggested by autopsy studies that indicate 
that angina pectoris may occur in hypertensive patients 
with only mild to moderate degrees of coronary ath- 
erosclerosis whereas in normotensive persons, the an- 
gina is almost always associated with severe coronary 
atherosclerosis involving multiple vessels.!°4 The blood 
pressure reducing effects of the antihypertensive drugs 
operate to reduce the oxygen requirements of the heart 
muscle and thus may improve adequacy of the coronary 
circulation and reduce the frequency of anginal at- 
tacks.105196 Propranolol is especially useful in the 
treatment of angina since the drug reduces myocardial 
oxygen demand not only by lowering the blood pressure 
but also by slowing the heart rate and decreasing myo- 
cardial contractility.!97 Reserpine has similar effects on 


4 794 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


the heart and also may be useful in the management of 
angina pectoris.!06 Certain antihypertensive vasodi- 
lating drugs such as hydralazine, minoxidil and dia- 
zoxide reflexively stimulate the sympathetic nervous 
system to increase heart rate and cardiac output. These 
effects may increase myocardial oxygen demand and 
thereby precipitate angina pectoris and coronary in- 
sufficiency in patients with coronary artery dis- 
ease.102.105 Combined use of the vasodilators with drugs 
like propranolol, reserpine and guanethidine that di- 
minish sympathetic nervous activity may prevent or 
reduce the myocardial stimulatory effects of the vaso- 
dilating drugs and enhance their antihypertensive ef- 
fectiveness. 

Mechanisms of left ventricular hypertrophy in 
hypertension: Experimental studies of myocardial 
hypertrophy indicate that an increase in myocardial 
wall tension and resulting elevation of myocardial 
oxygen consumption initiate a series of biochemical 
events that result in left ventricular hypertrophy. These 
events include increases in prutein and RNA synthesis 
by the myocardial cell and increases in DNA and col- 
lagen biosynthesis by the interstitial cells of the myo- 
cardium.195-115 Increases in left ventricular weight and 
myocardial content of RNA and protein have been 
found as early as 48 hours after systolic overloading of 
the heart. At 11 days myocardial collagen content is also 
elevated. Although the increase in fibrous tissue in the 
hypertrophied heart may represent an adaptive re- 
sponse to an increase in myocardial wall tension, it also 
may be a consequence of a decrease of oxygen tension 
 inthe tissue fluids resulting from an increase in oxygen 
consumption by the hypertrophied heart. Studies on the 
control of collagen biosynthesis indicate that decreased 
oxygen tension in tissue fluids is a stimulus to the pro- 
duction of collagen by the fibroblasts.!!6 Another im- 
portant cause for myocardial fibrosis in hypertensive 
heart disease is myocardial ischemia caused by hyper- 
tensive disease of the coronary vessels. In addition to 
augmenting myocardial oxygen requirements, cardiac 
hypertrophy leads to a depression of myocardial con- 
tractility and cardiac performance and finally to con- 
gestive heart failure.!!7-120 

In some patients with labile and borderline hyper- 
tension or with systolic hypertension, myocardial hy- 
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pertrophy may also be related to an increase in cardia à 
output or an enhanced activity of the cardiac beta ad- 
renergic receptors. There is good evidence that a chronic 
volume overload on the heart, which occur in high car- 
diac output states associated with anemia, arteriovenous 
fistula and hyperthyroidism, is a cause for myocardial 
hypertrophy. Vasodilator drugs such as hydralazine anc d 
minoxidil, which increase cardiac output, may also OF 9- à 
erate to cause myocardial hypertrophy!?! whereas drugs 
such as reserpine, propranolol and the diuretic agents, 
which prevent increases in cardiac output, may prote 
against myocardial hypertrophy. !22 | 
Sustained hypertension, regardless of its cause, ap- 
pears to lead to characteristic chemical changes in the 
heart that result in left ventricular hypertrophy and 
hypertensive heart disease!?? (Table IV). These Ma ag 
include increases in the myocardial content of protei 1 
RNA, DNA and collagen in association with increase: 
in heart weight. The changes in RNA are more pro- 
nounced than those of DNA and result in an increase in 1 
the ratio of RNA to DNA. Morphologic and radioau- 
tographic studies with labeled uridine and thymidine 
indicate that the increases in the DNA content of ee 
heart are due to the proliferation of interstitial cells and 
not myocardial cells whereas the proportionately greate af 
increases in RNA reflects the hypertrophy of the mya 
cardial cell].19.115.114 The degree of myocardial aypa 
trophy appears to be related mainly to the severity and 
duration of the hypertension!??/?? although there is 
some evidence that hormonal factors, such as the grov i 
hormone and catecholamines, may influence the de- l 
velopment of cardiac hypertrophy under certain ex- 
perimental conditions.1?4-125 A role for the renin-angi- 
otensin system in myocardial hypertrophy has also been 
proposed.!?! In the experimental studies summarized 
in Tables II and IV, the effect of hypertension on the 
heart did not appear to be influenced by the level of. 
plasma renin activity since the degree of myocardia | 
hypertrophy, as indicated by heart weight and chemica 
composition, was comparable in low renin hypertensior 
induced by injections of deoxycorticosterone (DOC) an 
in high renin (two-kidney Goldblatt) hypertension. 
Similar changes in the heart have been observed in ge- 
hehe , Hypertension with normal plasma renin lev- 
els. 1? 



















TABLE IV 
Chemical Composition of Heart of Rats With Mineralocorticoid- and Renal-Induced Hypertension (mg/heart)* 
Mineralocorticoid Study Renal Study 1 
DOC Renal E 
Control Hypertension! 96 A Control Hypertension? % A. 
Heart wet weight 990 « 13 1280 + 22 +29.3 1052+ 16 1336 + 24 +27.0 
Heart water content 818+ 14 1052 + 15 +28.6 830+ 12 1042 + 13 +25.5 
Heart dry weight 142 t5 228 +9 +32.6 222+ 7 294 + 10 +32. 
Protein 92+ 1.5 130 + 2.7 +41.3 104 + 1.3 146 +3.0 +40. 
Collagen 8.50 + 0.19 11.48 + 0.34 +35.0 6.91 + 0.15 9.23 + 0.27 +33.6 
DNA 1.61 + 0.02 2.07 + 0.02 +28.6 1.11+ 0.02 1.42 + 0.02 +27.9 
RNA 2.42 * 0.03 3.54 * 0.04 +46.3 1.90 + 0.02 2.82 + 0.02 +48 





* See Reference 123. 
Hypertension induced as shown in Table Il. 





[. Hypertension, Cerebral Vascular Disease and 
f Stroke 


f: Stroke is a clinical syndrome that results from cere- 
bral ischemia or infarction. It is caused by obstruction 
or rupture of a cerebral artery. Obstruction is generally 
_associated with atherosclerosis, whereas rupture is as- 
sociated with sustained hypertension with or without 
severe atherosclerosis. Population surveys in the United 
ES suggest that an atherothrombotic stroke is the 
most prevalent type of stroke, accounting for some 60 
percent of cases.!?? Hemorrhagic stroke, due either to 
intracerebral or to subarachnoid hemorrhage, is re- 
ported to account for only 20 to 25 percent of strokes 
and embolic stroke may be responsible for about 10 to 
sl 5 percent. It appears from carefully performed autopsy 
studies'*’ that intracerebral hemorrhage caused by 
E. of an intracerebral microaneurysm is being 











underestimated as a cause of stroke. 
— Hypertension, diabetes and hyperlipidemia are 
dm nportant precursors of cerebral atherosclerosis, in- 
arction and stroke. Of these, hypertension is clearly the 
‘most important etiologic factor of stroke.!?6 Elevation 
of systolic blood pressure appears to have an effect in 
recipitating stroke at least comparable to that of dia- 
stolic blood pressure. The adverse effect of hypertension 
on the cerebral arteries appears to be due to the physical 
Stress placed on these vessels by a high level of arterial 
pressure. These hypertensive effects, as schematically 
outlined in Figure 7, result in the development of hy- 
‘pertensive vascular disease and acceleration of ath- 
erosclerotic disease of the cerebral arteries. 
_ Hypertension versus atherosclerosis: Experi- 
mental studies in subhuman primates indicate that both 
ypertension and hypercholesterolemia are major 
‘causes of cerebral atherosclerosis.’ These factors appear 
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to operate synergistically to produce cerebrovascular 
disease since hypertension and hypercholesterolemia, 
when studied alone, did not cause atherosclerosis. Hy- 
pertension alone also did not produce atherosclerosis 
in any of the other vascular beds, but the hypercholes- 
terolemia induced by a high cholesterol diet did result 
in moderate to severe atherosclerosis of the aorta and 
mild atherosclerosis of the coronary arteries. These 
latter findings seem to reflect differences in the sus- 
ceptibility of different vascular beds to atherosclerosis. 
They are consistent with the observations in man 
showing that atherosclerotic lesions appear first in the 
aorta, later in the coronary arteries and lastly in the 
cerebral arteries.!?? 

Although studies in subhuman primates indicate that 
hypertension itself does not cause cerebral atheroscle- 
rosis, they clearly show that elevation of blood pressure 
produces hypertensive vascular disease of the brain that 
affects large arteries, small arteries and arterioles. The 
fibromuscular thickening of the cerebral arteries with 
luminal narrowing of the small arteries and arterioles 
appears to provide the background for cerebral ischemia 
and its complications. Experimental and clinical studies 
suggest that hypertension, even in the absence of ath- 
erosclerosis, may precipitate cerebral ischemia or 
thrombosis. Studies of young women without apparent 
atherosclerosis have shown that hypertension increases 
the risk for a thrombotic stroke and likewise enhances 
the effect of oral contraceptives on the occurrence of 
thrombotic strokes.!?? Studies on the autoregulation of 
cerebral blood flow!?? suggest that the structural 
changes in the cerebral resistance vessels caused by 
hypertension may lead to cerebral ischemia because of 
the inability of these vessels to dilate in response to a 
decrease in perfusion pressure. These findings may 
account for the well known clinical observation that 


INCREASED' VASCULAR 
PERMEABILITY 
! 


| 
Y 


FIBROMUSCULAR THICKENING OF CEREBRAL ARTERIES 
WITH NARROWING OF SMALL VESSELS 


Atherogenic Stimulus- 
Hyperlipidemia, Diabetes 


hj HYPERTENSIVE MICROVASCULAR DISEASE HYPERTENSIVE AND ATHEROSCLEROTIC 
| (Small Vessel Disease) VASCULAR DISEASE 
(Large and Small Vessel Disease) 
CEREBRAL INTRACEREBRAL 
ISCHEMIA ~~ MICROTHROMBI «~~ MICROANEURISMS CEREBRAL CEREBRAL 
E THROMBOSIS ISCHEMIA 
J ó 
| RUPTURE | 
p ISCHEMIC MICROINFARCTS CEREBRAL TRANSIENT 
T ATTACKS INTRACEREBRAL INFARCTION CEREBRAL 
HEMORRHAGE ISCHEMIC 
| ATTACKS 
THROMBOTIC STROKE HEMORRHAGIC Riso iin v ga 
(Small Stroke) STROKE 
„ HYPERTENSIVE STROKE" | FIGURE 7. Role of hypertension in 
"HYPERTENSIVE- cerebral vascular disease and 
ATHEROTHROMBOTIC STROKE" stroke. 


796 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


patients with long-standing hypertension generally do 
not tolerate a sudden and marked reduction of blood 
pressure without having symptoms of a reduced cerebral 
blood flow. 

In the presence of hypercholesterolemia the small and 
large cerebral vessels of subhuman primates with hy- 
pertension undergo atherosclerotic changes that, to- 
gether with the hypertensive changes in the vessels, 
contribute to the luminal narrowing of the arteries.? 
Similar vascular changes appear to occur in hyperten- 
sive patients with cerebrovascular disease and ather- 
othrombotic stroke. In normotensive persons with ce- 
rebral atherosclerosis it is distinctly unusual for the 
cerebral arteries to be significantly involved beyond 
their first major branching. However, in hypertensive 
patients the atherosclerosis not only is more severe but 
also involves smaller vessels that may become throm- 
bosed and result in microinfarcts or small cystic areas 
of softening called lacunes found especially in the basal 
ganglia and brain stem.!?! These focal lesions may be 
responsible for repeated “small strokes” in hypertensive 
subjects. Diabetes may augment the vascular effects of 
hypertension because, like hypertension, it is associated 
with small vessel disease and increased severity of ce- 
rebral atherosclerosis.!?2.133 

Ruptured aneurysm: Intracerebral microaneur- 
ysms, so-called Charcot-Bouchard aneurysms, have 
been demonstrated at autopsy in close to 50 percent of 
hypertensive patients.!?? Rupture of these aneurysms 
is an important cause of intracerebral hemorrhage in 
hypertensive patients over age 40 and is preventable by 
effective control of blood pressure with antihypertensive 
drugs. Small hemorrhages produced by these aneurysms 
may give rise to clinical manifestations of a stroke that 
are indistinguishable from those produced by cerebral 
thrombosis or embolism. The Charcot-Bouchard an- 
eurysm appears to result from destruction of the arterial 
media by hypertension. Intracerebral microaneurysms 
have not yet been demonstrated in subhuman primates 
with hypertension of relatively short duration. However 
it has been found that stroke-prone spontaneously hy- 
pertensive rats with a systolic blood pressure of more 
than 200 mm Hg do have intracerebral microaneurysms 
that frequently rupture and cause stroke.!?4 

Rupturing of a gross *berry" aneurysm with bleeding 
into the subarachnoid space is another major cause of 
stroke and is preventable by control of the blood pres- 
sure. These aneurysms, which involve the extracerebral 
arteries usually in or around the circle of Willis, occur 
with increased frequency in patients with coarctation 
of the aorta or with polycystic kidney disease. They are 
believed to result from a developmental defect in the 
arterial media and do not seem to occur in animals with 
surgically produced coarctation of the aorta. 


Arteriosclerotic Hypertension and Cardiovascular 
Disease 


Arteriosclerotic hypertension or hypertension asso- 
ciated with arteriosclerotic vascular disease is a major 
cause of cardiovascular morbidity and mortality in older 
persons. Little information is available concerning the 
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pathogenesis and treatment of this disease. Arterio 
sclerotic hypertension is commonly observed in person: 
over age 60. It appears to be one of the major manifes- 
tations of aging and results from arteriosclerotic in- 
volvement of the aorta and major arteries. The systolie 
blood pressure is usually more than 175 mm Hg, 
whereas the diastolic blood pressure may be normal a 
slightly increased (less than 110 mm Hg). Many of 
patients with elevation of diastolic pressure may giv 
a history of antecedent essential hypertension. P 

Mechanism: From a conceptional point of view, ar- 
teriosclerotic hypertension may be regarded as a pri- 
mary disease of the musculoelastic media of large and 
medium-sized vessels that leads to complicating hy- 
pertensive cardiovascular disease and atherosclerosis. 
With aging there is an increase in blood pressure th at 
is associated with a progressive loss of the elasticity of 
the aorta and other peripheral arteries.!?? Changes in 
aortic elasticity appear to be related to the calcification 
of the aortic media, which normally begins after age 10 
and gradually increases with age.!?6 The role of diet i 
these arterial changes deserves study in view of the 
observations that in populations with a small sodium 
intake the incidence rate of hypertension is low ant 
blood pressure does not increase with c: 
years.!?7 

Although it is generally believed that the elastic fibers 
in the aorta serve as the nucleus for calcium deposition, 
there is growing evidence that calcification in the aortic 
media is associated with lipid-containing vesicles in 
intercellular matrix.!?? These matrix vesicles appear t 
be derived from the cell membranes of degeneratin; 
smooth muscle cells and are the initial sites of 
cation of the arterial media. A primary role of z 












vesicles has also been described in the calcification o 
cartilage and developing bone.!?? Calcification of t 
arterial media is often accompanied by atherosclerotic 
involvement of the intima, which accounts for much oi 
the morbidity and mortality in arteriosclerotic hyper- 
tension. The increased rigidity of the aorta appears t« 
be responsible for the elevated systolic and pulse pres- 
sures of arteriosclerotic hypertension, whereas arteri- 
olosclerosis caused by aging and hypertension could 
provide an explanation for the increased peripheii 
vascular resistance reported in this disorder. 140 

Some patients with arteriosclerotic hypertension 
experience postural dizziness, which may be due to an 
inability of the cerebral circulation to adjust rapidly to 
changes in posture or to orthostatic falls in blood pres- 
sure. À high as well as a relatively low blood pressure 
may lead to a “stroke” in such patients or to other 
manifestations of circulatory insufficiency. The marked 
fluctuations of blood pressure that occur in arterio- 
sclerosis may be due to hypoactive pressor and de- 
pressor reflexes caused by an impairment in autonomic 
and baroreceptor function. Diabetes, which commonly 
occurs in arteriosclerotic hypertension,!^! may play a 
role in both the autonomic and vascular disorders. 

Complications: The serious complications of arte- 
riosclerotic hypertension are often due to occlusive 
disease of the cerebral, coronary and peripheral arteries. 
Aneurysm formation and rupture of diseased vessels, 
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ticularly in the brain or abdomen, also contribute to 
iorbidity and mortality. When the blood pressure 
addenly increases in severity or becomes malignant, 
therosclerotic occlusion of the renal artery should be 
aspected as a complication. 

- Although many of the complications of systolic hy- 
ertension in the elderly may be primarily due to ath- 
rosclerotic disease, many appear to be precipitated and 
ggravated by the systolic hypertension itself. These 
omplications include intracerebral hemorrhage and 
stroke" due to rupture of a Charcot-Bouchard aneu- 
E and congestive heart failure associated with the 
ystolic overload on the left ventricle. 
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Therapy: Although the increased morbidity and 
mortality rates associated with systolic hypertension 
have been well substantiated, no long-term controlled 
study has been carried out to assess the efficacy of 
therapy of arteriosclerotic hypertension. Gradual and 
cautious moderation of the blood pressure with mild 
antihypertensive drugs in small doses may be at- 
tempted, particularly when diastolic pressure is ele- 
vated, because treatment may relieve symptoms and 
protect against heart failure and “stroke.” Sudden and 
excessive reduction of blood pressure should be avoided 
because it can precipitate a cerebrovascular accident 
and other forms of circulatory insufficiency. 


References 


atherosclerosis in hypertensive rats on high fat diet. Exp Mol 
Pathol 9:322-338, 1968 

20. McGill HC Jr, Frank MH, Geer JC: Aortic lesions in hypertensive 
monkeys. Arch Pathol 71:96-102, 1961 

21. Pick R, Johnson PJ, Glick G: Deleterious effects of hypertension 
on the development of aortic and coronary atherosclerosis in 
stumptail macaques (Macaca speciosa) on an atherogenic diet. 
Circ Res 35:472-482, 1974 

22. Thomas WA, Florentin RA, Nam SC, et al: Preproliferative phase 
of atherosclerosis in swine fed cholesterol. Arch Pathol 86: 
621-643, 1968 

23. McMillan GC, Stary HC: Preliminary experience with mitotic 
activity of cellular elements in the atherosclerotic plaques of 
cholesterol fed rabbits studied by labeling with tritiated thymidine. 
Ann NY Acad Sci 149:699-709, 1968 

24. Hollander W, Kramsch DM, Inoue G: The metabolism of cho- 
lesterol lipoproteins and acid mucopolysaccharides in normal 
and atherosclerotic vessels. Prog Biochem Pharmacol 4:270- 
279, 1967 

25. Duncan LE, Cornfield J, Buck J: The effect of blood pressure on 
the passage of labeled plasma albumin into canine aortic wall. 
J Clin Invest 41:1537-1545, 1962 

26. Fry DL: Certain histological and chemical responses of the vas- 
cular interface to acutely induced mechanical stress in the aorta 
of the dog. Circ Res 24:93- 108, 1969 

27. Glagov S: Hemodynamic risk factors: mechanical stress, mural 
architecture, medial nutrition and the vulnerability of arteries to 
atherosclerosis. In, The Pathogenesis of Atherosclerosis (Wissler 
RW, Geer JC, ed). Baltimore, Williams & Wilkins, 1972, p 
164-193 

28. Ooshima A, Fuller G, Cardinale G, et al: Collagen biosynthesis 
in blood vessels of brain and other tissues of the hypertensive 
rat. Science 190:898-900, 1975 

29. McCullagh KG, Ehrhard LA: Increased arterial collagen synthesis 
in experimental canine atherosclerosis. Atherosclerosis 19: 
13-28, 1974 

30. Becker CG, Murphy GE: Demonstration of contractile protein in 
endothelium and cells of the heart valves, endocardium, intima, 
arteriosclerotic plaques and Aschoff bodies of rheumatic heart 
disease. Am J Pathol 55:1-37, 1969 

31. Karnovsky MJ: The ultrastructural basis of capillary permeability 
studied with peroxidase as a tracer. J Cell Biol 35:213-236, 
1967 

32. Bruns R, Palade GE: Studies on blood capillaries. Il. Transport 
of ferritin molecules across the wall of muscle capillaries. J Cell 
Biol 37:277—299, 1968 

33. Florey L, Sheppard BL: The permeability of arterial endothelium 
to horse-radish peroxidase. Proc R Soc Lond Biol 174:435—-443, 
1970 

34. Constantinides P, Robinson M: Ultrastructural injury of arterial 
endothelium. Il. Effects of vasoactive amines. Arch Pathol 88: 
106-112, 1969 

35. Robertson AL, Khairallah PA: Effects of angiotensin Il and some 
analogues on vascular permeability in the rabbit. Circ Res 31: 


'98 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


s7- 


36. 


37. 
38. 
39. 
40. 


41. 
42. 
43. 


44. 


45. 
46. 


47. 


48. 


49. 
50. 


51. 


52. 
53. 
54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


923-931, 1972 

Shimamoto T, Sunaya T: The contraction and blebbing of endo- 
thelial cells accompanied by acute infiltration of plasma sub- 
stances into the vessel wall and their prevention. In, Atherogen- 
esis (Shimamoto T, ed). New York, American Elsevier, 1972, p 
3-30 

Majino G, Gilmore V, Leventhal M: On the mechanism of vascular 
leakage caused by histamine-type mediators. Circ Res 21: 
833-847, 1967 

Duncan LE Jr, Buck K, Lynch A: The effect of pressure and 
stretching on the passage of labeled albumin into canine aortic 
wall. J Atheroscler Res 5:69-79, 1965 

Fry DL: Certain chemorheologic considerations regarding the 
blood vascular interface with particular reference to coronary 
artery disease. Circulation 39, 40:Suppl IV:IV-38 IV—57, 1969 
Carew TE, Patel DJ: Effect of tensile and shear stress on intimal 
permeability of the left coronary artery in dogs. Atherosclerosis 
18:179-189, 1973 

Giese J: The Pathogenesis of Hypertensive Vascular Disease. 
Copenhagen, Munkrgaard, 1966 

Jellinek H: Arterial Lesions and Arterosclerosis. London and New 
York, Plenum Press, 1974, p 110-137 

Hollander W: Influx, synthesis and transport of arterial lipoproteins 
in atherosclerosis. J Exp Mol Pathol 7:248-258, 1968 

Haust MD, More RH, Movat HZ: The role of smooth muscle cells 
in the fibrogenesis of arteriosclerosis. Am J Pathol 37:377-389, 
1960 

Geer JC, McGill HC Jr, Strong JP: The fine structure of the human 
atherosclerotic lesions. Am J Pathol 38:263-287, 1961 
Wissler RW: The arterial media cell, smooth muscle or multi- 
functional mesenchyme. J Atheroscler Res 8:201-213, 1968 
Jarmolych J, Daoud AS, Landau J, et al: Aortic media explants. 
Cell proliferation and production of mucopolysaccharides, col- 
lagen and elastic tissue. Exp Mol Pathol 9:17 1-188, 1968 
Ross R, Klebanoff SJ: The smooth muscle cell. |. In vivo synthesis 
of connective tissue proteins. J Cell Biol 50:159- 171, 1971 
Schmid K, Stevens RL, Hollander W: Biosynthesis of glycosa- 
minoglycans by human arteries and monkey aortic smooth muscle 
cells (abstr). Circulation 52:Suppl II:1I-61, 1975 

Bevan RD, van Marthens E, Bevan JA: Hyperplasia of vascular 
smooth muscle in experimental hypertension in the rabbit. Circ 
Res 38:Suppl 1II:11-58-1l 62, 1976 

Lovenberg W, Yamori Y, Nakada T: Effect of antihypertensive 
therapy on the increased incorporation of lysine into vascular 
proteins in the spontaneously hypertensive rat Proc Second 
US-Japan Seminar on Spontaneous Hypertension in the Rat, in 
press 

Liepkalns V, Megan M, Armstrong M, et al: Synthesis of fibrous 
protein by cultured endothelial cells (abstr). Circulation 52:Suppl 
II:1-61, 1975 

Brunner HR, Laragh JH, Baer L, et al: Essential hypertension: 
renin and aldosterone, heart attack and stroke. N Engl J Med 
286:441-449, 1972 

Masson GMC, Mikasa A, Yasuda H: Experimental vascular dis- 
ease elicited by aldosterone and renin. Endocrinology 71: 
505-512, 1962 

Giese J: Acute hypertensive vascular disease. |. Relation between 
blood pressure changes and vascular lesions in different forms 
of acute hypertension. Acta Pathol Microbiol Scand 62:48 1-496, 
1964 

Hollander W, Yagi S, Kramsch DM: In vitro effects of vasopressor 
agents on the metabolism of the vascular wall. Circulation 30: 
Suppl I:I-1-1- 10, 1964 

Gould AB, Skeggs LT, Kahn JR: The presence of renin activity 
in blood vessel walls. J Exp Med 119:389-399, 1964 

Genest J, Simard S, Rosenthal J, et al: Norepinephrine and renin 
content in arterial tissue from different vascular beds. Canad J 
Physiol Pharmacol 47:87-91, 1969 

Johnson AR, Erdos EG: Angiotensin | converting enzyme in 
human endothelial cells. Circulation 52:Suppl 1l:1I-59, 1975 
Hial V, Gimbine A, Wilcox G, et al: Human vascular endothelium 
contains angiotensin | converting enzyme and renin-like activity 
(abstr). Fed Proc 35:705, 1976 

Caldwell PRB, Segal BC, Hsu KC, et al: Angiotensin converting 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 
76. 


77. 


78. 


79. 


80. 
81. 


82. 


83. 


84. 


85. 


86. 


November 23, 1976 





"HYPERTENSION IN CARDIOVASCULAR DISEASE—HOLLANDER 


enzyme: vascular endothelial localization. Science 190 
1050-1051, 1976 
Hollander W, Kramsch DM, Yagi S: The metabolism of norepi- 
nephrine in arteries. Trans Assoc Am Physicians 77:210-—220, 1 
1964 

Hollis TM, Rosen LA: Histidine decarboxylase activity of bovine 
aortic endothelium and intima-media. Proc Soc Exp Biol Med. 4 
141:978-981, 1972 

Hollander W, Kramsch DM, Franzblau C, et al: Suppression of - 
atheromatous fibrous plaque formation by antiproliferative and 
anti-inflammatory drugs. Circ Res 34, 35:Suppl I:I-131-1-141, | 1 
1974 

Terragno AD, Crowshaw K, Terragno NA, et al: Prostaglandin © 
synthesis by bovine mesenteric arteries and veins. Circ Res 36, $ 
37:Suppl I:1-76-1-80, 1975 

Shibata N, Rosenthal J, Hollander W: The role of cations, ATP. 
and vasoactive substances on the activity of contractile proteins | 
of arteries. Hypertension 72 (Genest G, Koiw E, ed). Berlin, New | 
York, Springer Verlag, 1972, p 184-196 3 
Rosenthal J, Paddock J, Hollander W: Identification of a new © 
vasopressor factor (VDF) in arterial tissue and plasma of dogs - 
and humans. Circ Res 32, 33:Suppl I:1-169-1-176, 1973 | 
Alexander RW, Gimbrone MA: Prostaglandin production by 
vascular smooth muscle in tissue culture. Fed Proc 34: 790, 
1975 zi 
Gimbrone MA, Alexander RW: Angiotensin Il stimulation off 
prostaglandin production in cultured human vascular endothelium. 4 
Science 189:219-220, 1975 3 
Paddock J, Matuska M, Hollander W: Biosynthesis of prosta- ig 
glandins by the arterial wall of the spontaneously hypertensive - 
rat (abstr). Fed Proc 35:555, 1976 3l 
Armstrong JM, Flower RF, McGiff JC, et al: Deficiency of renal | 
prostaglandin metabolism in genetic hypertensive rats of the New — 
Zealand strain. In Ref 51 





Hollis M, Sloss RJ: Rabbit aortic histamine synthesis following © 
short-term cholesterol feeding. Atherosclerosis 21:125-134, 1 
1975 
Selye H: Mast Cells. Washington, Butterworth, 1965 p 407- 
408 

Pouchlev A, Youroukova Z, Kiprov D: A study of changes in ta 
number of mast cells in the human arterial wall during the stages - 
of development of atherosclerosis. J Atheroschr Res 6:342-351 n 
1966 Er 
Still WJS, Dennison S: The arterial endothelium of the hyper- - E 
tensive rat. Arch Pathol 97:337-342, 1974 

Mustard JF, Packham MA: Thromboembolism. A manifestation 
of the response of blood to injury. Circulation 42:1-21, 1970 — 
Needleman P, Moncada S, Ky SL, et al: Characterization of PG. 
endoperoxide and thromboxane generating and bioassay systems. 3 
Fed Proc 35:297, 1976 K 
Lüscher EF, Kaser-Glanzmann R: Platelet heparin-neutralysing 1 
factor (platelet factor 4). Thromb Diath Haemorrh 33:66-72, - 
1974 

Renaud S, Lecompte F: Hypercoagulability induced by hyperli- i 
pidemia in rat, rabbit and man: role of platelet factors. Circ Res E 
27:1003- 1011, 1970 | 
Constantinides P: Plaque fissures in human coronary thrombosis. - i 
J Atheroscler Res 6:1-17, 1966 

Wilner GD, Nossel HL, LeRoy EC: Aggregation of platelets by? 
collagen. J Clin Invest 47:2616-2620, 1968 

Spaet TH, Zucker MB: Mechanism of platelet plug formation and. 
role of adenosine diphosphate. Am J Physiol 206:1267- 1274, 
1964 

Peters TJ, Takano T, DeDuve C: Subcellular fractionation studies 
on the cells isolated from normal and atherosclerotic aorta. In, . j 
Atherogenesis: Initiating Factors, Ciba Foundation Symposium 
12 (R Porter, J Knight, ed). Amsterdam, Elsevier, 1973, p 197—— 
222 
Branwood AW, Carr WJ: 6-Glucuronidase activity of coronary — 
atherosclerotic plaques. Lancet 2:1254- 1255, 1960 
Dyrbye M, Kirk JE: The §-glucuronidase activity of aortic pul- 
monary tissue in individuals of various ages. J Gerontol 11:33-37, ; 
1956 

Miller BF, Kothari HV: Increased activity of lysosomal enzymes 


The American Journal of CARDIOLOGY Volume 38 799 


UECUNM —- CRY TC 


HYPERTENSION IN CARDIOVASCULAR DISEASE—HOLLANDER 


| 
: 


87. 


88. 


89. 


(11. 


12. 


|13. 


in human atherosclerotic aortas. Exp Mol Pathol 10:288-294, 
1969 

Wolinsky H, Goldfischer S, Daly MM, et al: Arterial lysosomes 
and connective tissue in primate atherosclerosis and hyperten- 
sion. Circ Res 36:553-561, 1975 

Hollander W: Unified concept on the role of acid mucopolysac- 
charides and connective tissue proteins in the accumulation of 
lipids, lipoproteins and calcium in the atherosclerotic plaque. Exp 
Mol Pathol, in press 

Bretherton KN, Day AJ, Skinner SL: The effect of renal hyper- 
tension on the regional deposition of cholesterol and phospholipid 
in the aorta of normally- and cholesterol-fed rabbits. Athero- 
sclerosis 22:517-532, 1975 


. Wahlqvist ML, Day AJ, Tume RK: Incorporation of oleic acid into 


lipid by foam cells in human atherosclerotic lesions. Circ Res 
24:123-130, 1969 


. Bretherton KN, Day AJ, Skinner SL: The effect of hypertension 


on the synthesis of lipid in the thoracic aorta of normal-fed and 
cholesterol-fed rabbits. Exp Mol Pathol, in press 


. Daly MM, Deming QB, Raeff V, et al: Cholesterol concentration 


and cholestero! synthesis in aortas of rats with renal hypertension. 
J Clin Invest 42:1606-1612, 1963 


. Dawber TR, Kannel WB: Susceptibility to coronary heart disease. 
— Mod Concepts Cardiovasc Dis 30:67 1-676, 1961 
. Mann JT, Inman WHW: Oral contraceptives and death from 


myocardial infarction. Br Med J 2:245-248, 1975 


. Hamby RI, Zoneraich S, Sherman L: Diabetic cardiomyopathy. 


JAMA 229:1749-1754, 1974 


. Gordon T, Kannel WB: Premature mortality from coronary heart 


disease. JAMA 215:1617-1626, 1971 


. Perper JA, Kuller LH, Cooper M: Arteriosclerosis of coronary 


arteries in sudden unexpected deaths. Circulation 51, 52:Suppl 
III:11-27—111-33, 1975 


. Lie JT, Titus JL: Pathology of the myocardium and the conduction 


system in sudden coronary death. Circulation 51, 52:Suppl III: 
Ill-41—11-52, 1975 


. Lown B, Verrier RL: Neural activity and ventricular fibrillation. 


N Engl J Med 294:1165- 1170, 1970 


. Green KG, Chamberlain DA, Fulton RM, et al: Improvement in 


prognosis of myocardial infarction by long-term beta-adreno- 
ceptor blockade using practolol: a multicentre international study. 
Br Med J 3:735-740, 1975 


. Braunwald E: Thirteenth Bowdich lecture: the determinants of 


myocardial oxygen consumption. Physiologist 12:65-93, 1969 


. Judson WE, Hollander W, Wilkins RW: Observations on angina 


pectoris during drug treatment of hypertension. Circulation 13: 
553-561, 1956 


. Georgopoulos AJ, Sones FM Jr, Page IH: Relationship between 


arterial pressure and exertional angina pectoris in hypertensive 
patients. Circulation 23:892-900, 1961 


. Davis D, Klainer MS: Studies in hypertensive heart disease. Am 


Heart J 19:198-205, 1940 


. Hollander W: The pharmacology and clinical use of rauwolfia, 


hydralazine, thiazides and aldosterone antagonists in arterial 
hypertension. Prog Cardiovasc Dis 8:291-318, 1966 


. Hollander W: Rauwolfia compounds. In, Hypertension, Recent 


Advances (Brest AN, Moyer JH, ed). Philadelphia, Lea & Febiger, 
1961, p 186-190 


. Mason DT, Spann JF Jr, Zelis R, et al: Physiological approach 


to the treatment of angina pectoris. N Engl J Med 281:1225- 1228, 
1969 


. Meerson FZ: Myocardium in hyperfunction, hypertrophy and heart 


failure. Circ Res 25:Suppl II:Il- 1-1I-163, 1969 


. Fanburg BL: Experimental cardiac hypertrophy. N Engl J Med 


282:723-732, 1970 


. Koide T, Rabinowitz M: Biochemical correlates of cardiac hy- 


pertrophy. Il. Increased rate of RNA synthesis in experimental 
cardiac hypertrophy in the rat. Circ Res 24:9-18, 1969 
Schreiber SS, Oratz M, Rothschild MA: Protein synthesis in 
overloaded mammalian heart. Am J Physiol 211:314-318, 
1966 

Morkin E, Ashford TP: Myocardial DNA synthesis in experimental 
cardiac hypertrophy. Am J Physiol 215:1409—- 1413, 1968 
Grove D, Zak R, Nair KG, et al: Biochemical correlates of cardiac 
hypertrophy. IV. Observations on the cellular organization of 


114. 


115. 


116. 


117. 


118. 
119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 
132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


growth during myocardial hypertrophy in the rat. Circ Res 25: 
473-485, 1969 

Buccino RA, Harris E, Spann JF Jr, et al: Response of myocardial 
connective tissue to development of experimental hypertrophy. 
Am J Physiol 216:425-428, 1969 

Lindy S, Turto H, Uitto J: Protocollagen proline hydroxylase ac- 
tivity in rat heart during experimental cardiac hypertrophy. Circ 
Res 20:205-209, 1972 

Badeer HS: Development of cardiomegaly. A unifying hypothesis 
explaining the growth of muscle fibers, blood vessels and collagen 
of heart. Cardiology 57:247-261, 1972 

Spann JF, Mason DT, Zelis RF: The altered performance of the 
hypertrophied and failing heart. Am J Med Sci 258:291-303, 
1969 

Ross J, Sobel BE: Regulation of cardiac contraction. Ann Rev 
Physiol 34:47-90, 1972 

Averill DB, Ferrario CM, Tarazi RC, et al: Cardiac performance 
in rats with renal hypertension. Circ Res 38:280-288, 1976 
Pfeffer MA, Pfeffer JM, Frohlich ED: Pumping ability of the 
hypertrophying left ventricle on the spontaneously hypertensive 
rat. Circ Res 38:423-429, 1976 

Sen S, Tarazi RC, Khairallah PA, et al: Cardiac hypertrophy in 
spontaneously hypertensive rats. Circ Res 35:775-781, 1974 
Hollander W, Paddock J, Nagraj S: Protective effects of thiazide 
diuretics against myocardial hypertrophy in the spontaneously 
hypertensive rat (abstr). Fed Proc 35:317, 1976 

Hollander W, Colombo M, Nagraj S, et al: Correlative studies of 
blood pressure, plasma renin activity and cardiovascular disease 
in the hypertensive rat. In Res 51 

Bejnak: The role of the anterior pituitary hormones in controlling 
size, work and strength of the heart. J Physiol 150:251—265, 
1960 

Grandpre R de, Raab W: Interrelated hormonal factors in cardiac 
hypertrophy. Circ Res 1:345-352, 1953 

Kannel WB: Current status of the epidemiology of brain infarction 
associated with occlusive arterial disease. Stroke 2:295-318, 
1971 

Cole FM, Yates PO: The occurrence and significance of intra- 
cerebral micro-aneurysms. J Pathol Bacteriol 93:393-411, 
1967 

Strong JP, McGill HC Jr: The natural history of coronary athero- 
sclerosis. Am J Pathol 40:37—49, 1962 

Collaborative Group for the Study of Stroke in Young Women: oral 
contraceptives and stroke in young women. JAMA 231:718-722, 
1975 

Strandgaard S, Jones JV, MacKenzie ET, et al: Upper limit of 
cerebral blood flow autoregulation in experimental renovascular 
hypertension in the baboon. Circ Res 37:164—167, 1975 
Fisher CM: The arterial lesions underlying lacunes. Acta Neuro- 
pathol (Berlin) 12:1-15, 1969 

Baker AB, Resch JA, Loewenson RB: Hypertension and cerebral 
atherosclerosis. Circulation 39:701-7 10, 1969 

Klassen AC, Loewenson RB, Resch JA: Cerebral atherosclerosis 
in selected chronic disease states. Atherosclerosis 18:321-336, 
1973 

Handa H, Hore R, Sato M, et al: Stroke-prone SHR as a model 
for stroke in man. in, Spontaneous hypertension. Its pathogenesis 
and complications. In Res 51 

Hallock P, Benson IC: Studies on the elastic properties of human 
isolated aorta. J Clin Invest 16:595-602, 1937 

Blumenthal HT, Lansing Al, Wheeler PA: Calcification of the 
media of the human aorta and its relation to intimal arterioscle- 
rosis, aging and disease. Am J Pathol 20:665-679, 1944 

Page LB, Damon A, Moellerins RC: Antecedents of cardiovas- 
cular disease in six Solomon Island societies. Circulation 49: 
1132-1146, 1974 

Kim KK: Calcification of matrix vesicles in human aortic valve 
and aortic media. Fed Proc 35:156-162, 1976 

Anderson HC: Vesicles associated with calcification in the matrix 
of epiphyseal cartilage. J Cell Biol 41:59-72, 1969 
Adamopoulos PN, Chrysanthakopoulis, Frohlich ED: Systolic 
hypertension: nonhomogenous disease. Am J Cardiol 36:697- 
701, 1975 

Christlieb AH: Diabetes and hypertensive vascular disease. Am 
J Cardiol 32:592-606, 1973 


November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


Increased Plasma Catecholamines in High Renin Hypertension 


VINCENT DeQUATTRO, MD 
VITO CAMPESE, MD 
YUKIO MIURA, MD 
-DAANTJE MEIJER 


Los Angeles, California 


From the Departments of Medicine, Los Angeles 
County-University of Southern California Medical 
Center and White Memorial Medical Center, Los 
Angeles, Calif. 

Address for reprints: Vincent DeQuattro, MD, 
University of Southern California School of Med- 
icine, 2025 Zonal Ave., Los Angeles, Calif. 
90033. 


] 
Plasma catecholamines, indexes of sympathetic nervous tonicity, were 
measured simultaneously with renin both supine and after standing plus 
furosemide in patients with primary hypertension and normotensive vol- 
unteers. Seventy percent of hypertensive patients with high renin levels 
had increased catecholamines compared with a 14 percent incidence 
in the combined group with low and normal renin (P «0.001). Basal 
catecholamines were related directly to renin in the hypertensive pati 
and to blood pressure in the normal (P <0.05), but not in the high and 
low renin subgroups, and inversely to percent increase of catechol- 
amines after standing plus furosemide in hypertensive and normotensive 
patients (P <0.01). Sympathetic nervous hypertonicity may be respon- 
sible for the elevation of blood pressure and for the activation of the 
renin-angiotensin system in patients with high renin hypertension. 3 


Sympathetic nervous dysfunction may be a factor in the pathogenesis 
of primary hypertension. Plasma norepinephrine and serum dop- 
amine-B-hydroxylase, markers of sympathetic nervous activity, were 
increased in some of these patients, as recently reviewed.! In this study 
plasma catecholamines were measured to assess the adrenergic tone ol 
patients with primary hypertension whose renin status was defined by 
both basal and stimulated renin. The findings indicate adrenergic hy- 
peractivity in some hypertensive patients with high renin levels. m 

Methods y. i 

Informed consent was obtained for studies performed in 66 patients with 
primary hypertension (28 women and 38 men aged 18 to 72 years) without evi- 
dence of sequelae of their hypertension. Comparative studies were performed 
in 54 normotensive volunteers (19 women and 35 men aged 17 to 51 years). The 
average age of hypertensive patients was 43 + 2 and that of normotensive subjects 
was 33 + 1 (mean + standard error). Blacks comprised 16 percent of both nor- 
motensive and hypertensive subjects. Patients were not taking antihypertensive 
medications for at least 1 month prior to this study. No subjects were taking birth 
control medications. Patients were classified in three categories: hypertensive, 
those with an average of three or more supine blood pressure readings equal to 
or greater than 140/90 mm Hg; labile, those with one or more blood pressure 
determinations of less than 90 mm Hg diastolic; and sustained, those with all 
diastolic blood pressure readings of 90 mm Hg or greater. 

Each of the 120 subjects was instructed to eat a diet containing more than 100 
mEq/day of sodium for 3 days before the study. Sodium excretion measured for 
the 24 hours preceding the study ranged from 100 to 180 mEq. Patients with 
sodium excretion values outside these limits were excluded from the study. Blood 
specimens and blood pressures were taken from each subject after 60 minutes 
of supine rest in the morning after an overnight fast. A sample was taken from 
60 patients and 20 normal volunteers on the following morning after they had 
stood for 60 minutes, 12 hours after oral ingestion of 80 mg of furosemide. Renin 
and catecholamine responsiveness is expressed as percent increase in their values 
when measured after standing plus furosemide. 

Plasma catecholamines were measured with either the enzymatic method of 
Engelman et al.? or the fluorometric method of Renzini et al.? Concentration 
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of total catecholamines determined from duplicate specimens 
of 20 patients with hypertension was similar when analyzed 
with the two methods.* Plasma renin was measured with the 

radioimmunoassay method of Haber et al.? at pH 5.5 with 
?-hydroxyquinoline. 

The significance of differences between the means was 
tested with use of Student's t test. Linear-regression coeffi- 
sents were determined with the Olivetti Model 101 calculator. 
[he significance of differences in incidence of increased cat- 
»eholamines in different renin subgroups was calculated by 
the chi square test. 
| | Results 
: 

Clinical characteristics of the hypertensives: 
Renin activity and renin responsiveness of the 66 hy- 

ertensive patients were compared with those of 40 
iormotensive subjects, 13 women and 27 men. Patients 
vith suppressed responsiveness to orally administered 

irosemide were characterized as having low renin (that 
s, stimulated plasma renin activity less than the mean 
minus 2 standard deviations of the mean of normoten- 
sive subjects [2.66 + 0.72 or 1.2 ng/ml per hour]). Pa- 
tients were classified as having high renin if supine 
values were greater than the means +2 standard de- 
viations of the means of the normotensive volunteers 

.48 + 0.31 or 1.1 ng/ml per hour). Twenty-six (39 

rcent), 30 (46 percent) and 10 (15 percent) of hyper- 
ES patients were classified as having low, normal 

' high renin, respectively. Fifty percent of those with 

w and 20 percent of those with normal renin were 
black. None of the black hypertensive patients had a 
high renin level. T'he average age of the low renin group 
49 + 2 years) was significantly higher (P <0.05) than 
hat of the normal (39 + 2 years) or the high (41 + 3 
ars) renin group. Women comprised 46, 40 and 40 
yercent, respectively, of the subgroup population. 

— The mean blood pressures of the low renin group (169 
+ 5 systolic, 103 + 4 diastolic) were greater than those 
of the other groups (153 + 4 systolic, 93 + 2 diastolic for 
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the normal and 156 + 9 systolic and 96 + 4 diastolic for 
the high renin group); only the difference between the 
low and normal renin groups was significant (P <0.05). 
The mean blood pressure of normal volunteers was 117 
+ 3 systolic and 70 + 1.5 diastolic. 

Catecholamines of hypertensive patients ac- 
cording to renin level: The prevalence rate of in- 
creased plasma catecholamines of hypertensive patients 
was 27 percent when values for male and female subjects 
were compared with respective normotensive values 
(Fig. 1). The 70 percent prevalence rate of patients with 
increased plasma catecholamines in the high renin 
group was significantly greater than the 14 percent rate 
in the combined low and normal groups (P <0.001). 
There was no difference in the prevalence of increased 
plasma catecholamines between races or between pa- 
tients with labile or sustained hypertension. 

The mean plasma catecholamine level of hyper- 
tensive patients was 38 percent greater than that of 
normotensive subjects (P «0.001) (Table I). T'he basal 
plasma catecholamines of male and female hypertensive 
patients were 246 + 139 and 338 + 119 ng/liter, re- 
spectively, compared with 167 + 54 and 280 + 104 
ng/liter in normotensive subjects (mean + standard 
deviation). 'The plasma catecholamine levels of women 
in both groups were significantly greater than those of 
men (P «0.001 ). 

Mean plasma catecholamine values of high renin 
hypertensive patients were nearly twofold greater than 
those of low and normal renin patients (P «0.01). Basal 
catecholamine levels of all hypertensive patients were 
correlated with simultaneous renin determinations (r 
= 0.43; P <0.05). Basal catecholamine values were re- 
lated to individual blood pressure values of hypertensive 
patients in the normal renin subgroup only (r = 0.31; P 
«0.05). Catecholamine responsiveness after standing 
plus furosemide was inversely related to basal plasma 
catecholamine levels of both normotensive (r = 0.81; P 
« 0.01) and hypertensive subjects (r = 0.48; P «0.01). 


FIGURE 1. Basal plasma catecholamines in hypertensive 
patients according to renin subgroupings. Solid triangles 
and circles (representing values for men and women, 
respectively) represent plasma catecholamine values 
greater than 2 standard deviations (S.D.) above the normal 
means. The two open circles shown above the 2 standard 
deviation boxes for women with low and normal renin 
hypertension show the normal values corrected for 
age. 
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Biochemical and clinical features of hyper- 
tensives with raised plasma catecholamines: Blood 
pressure in patients with increased plasma catechol- 
amines in the low renin group (178 + 14/117 + 17 mm 
Hg) was greater than values (152 + 10/99 + 5 and 161 
+ 8/91 + 3 mm Hg) in the normal and high renin groups, 
respectively. These values were not significantly dif- 
ferent from blood pressures of all hypertensive patients 
by subgroup. Forty percent of patients with increased 
catecholamines in the normal and low renin groups were 
black. No patient in the high renin group was black. The 
prevalence rate of increased plasma catecholamines was 
similar for both men and women, 17 to 25 percent in the 
low and normal renin groups and 67 to 75 percent in the 
high renin group. The mean basal plasma catecholamine 
values did not differ significantly among patients with 
increased catecholamines in the various renin subgroups 
(Table II). Hypertensive patients with increased plasma 
catecholamine values had 66 percent less catecholamine 
responsiveness than normotensive volunteers (P 
<0.001). 


Discussion 


There was a significantly greater prevalence of in- 
creased catecholamines in the high renin group. Our 
findings of increased mean plasma catecholamines in 
hypertensive patients further substantiate the data of 
Louis® and Engelman’ and their co-workers. Previously 
we reported a 26 percent prevalence rate of increased 
plasma catecholamines in patients with primary hy- 
pertension, equal among male and female patients and 
those with labile or sustained hypertension. There was 
a weak correlation between diastolic blood pressure and 
plasma catecholamines, but the hypertensive subjects 
of that study were not defined further clinically.? We 
also found a correlation between plasma catecholamines 
and plasma renin in patients with hypertension.! 

Renin and primary hypertension: Brunner et al.? 
directed attention to a possible pathogenetic role for 
renin in primary hypertension when they found greater 
morbidity in patients with high than in those with low 
renin hypertension. The percent distribution of our 
patients into various renin subgroups was similar to that 
of the study of Brunner et al.,? although the criteria for 


TABLE II 


Plasma Catecholamines and Catecholamine Responsiveness in Patients With Increased Plasma Catecholamines 


(mean + standard error of the mean) 
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separation into renin subgroups was different. Their 
patients were classified on the basis of an ambulatory 
renin determination and the associated 24 hour urina 
sodium excretion level. Further, our high renin group 
included patients with sustained or labile hypertension 
but no renal sequelae, whereas the high renin group o 
Brunner et al. had a high prevalence rate of renal in- 
sufficiency. Blood pressure in our high renin group was 
lower than in the patients of Brunner et al.? However, 
the mean blood pressure of our low renin group was 
higher than that of our normal renin group, thus con 
firming the findings of Gulati et al.!? 

Plasma catecholamine responsiveness and renin 
subgroups: 'The basal plasma catecholamine values of 
patients in our low and normal renin subgroups were 
related directly to the inverse of plasma catecholamine 
responsiveness. Those with the lowest plasma cate- 
cholamine values often had the most dramatic responses 
of catecholamines after standing and furosemide. 










TABLE | 


Basal Plasma Catecholamines of Hypertensive Patients 
According to Renin Subgroups (mean + standard error of 
the mean) 


Pa- Supine Total 1 


Ca techolamines 
(ng/liter) 


VEU d ia dno D ac TTO p. ott 


l 


tients Renin 
(no.) (ng/ml per hour) 





|, Hypertensive 


patients 1 
A. Low renin 26 0.32 * 0.04 (26) 257 * 24 (24) 
B. Normal renin 30 0.58 + 0.05 (30) 243 + 27 (30). 
C. High renin 10 1.98 * 0.22 (10) 454* + 55(1 
Allhypertensive 66 0.69 + 0.08 (66) 286 * 21 (6415 
patients : 
Il. Normotensive 54 0.48 * 0.05 (40) 207* X12 (54 
subjects ! 
P values 1 
IA vs. IB «0.001 NS oo 
IA vs. IC «0.0001 «0.01 
IB vs. IC «0.0001 «001 — 
| vs. Il «0.05 «0.01 — 


ER Aa OIA ATC RTT E 
* The total catecholamines of the high renin subgroup were signif- 
icantly greater than those of normotensive volunteers (P «0.001). 
Figures in parentheses indicate number of patients. NS = no signup 
icant difference; P = probability. 





Supine 
Patients Renin 
Group (no.) (ng/ml per min) 
|. Patients with increased 17 1.12 + 0.23 (17) 
catecholamines 
II. All hypertensive patients 66 0.69 + 0.08 (66) 
111. All normotensive subjects 54 0.48 + 0.05 (40) 
P values 
| vs. Il NS 
I vs. I «0.01 


Percent Change After 
Standing Plus Furosemide 





Total j 
Catecholamines Total 
(ng/liter) Renin Catecholamine 
511 + 36 (17) 400 + 130 (11) 76 + 24 (11) 
286 * 21 (64) 409 + 58 (60) 154+ 19 (58) 
207 + 12 (54) 870 + 200 (18) 162 + 22 (22) 
«0.0001 NS «0.02 
«0.0001 NS «0.02 





Figures in parentheses indicate number of patients studied; NS = no significant difference; P = probability. 
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conversely, patients with increased basal plasma cat- 
'cholamines had smaller increments with sympathetic 
1ervous stimulation. In preliminary studies we have 
»bserved the same relation after standing alone. Simi- 
arly, serum dopamine-B-hydroxylase of hypertensive 
)atients was stimulated less by standing or standing 
lus furosemide than in normotensive volunteers with 
ower levels of basal plasma catecholamines.!! 

_ There was no general correlation of plasma cate- 
tholamines with diastolic or systolic blood pressure in 
iypertensive subjects except in the subgroup with 
Yormal renin. These patients may be similar to those 
vho respond to ganglionic blockade with simultaneous 
‘eduction of both plasma catecholamines and blood 
pressure. Some patients with markedly increased 
'atecholamines had minimal elevation of diastolic blood 
yressure. On the other hand, patients with slightly in- 
reased plasma catecholamines (300 to 400 ng/liter) had 
t diastolic pressure greater than 120 mm Hg. 

- Renin and increased sympathetic nervous func- 
ion: Sympathetic nervous function, as reflected by 
yasal plasma catecholamines, is increased in 30 percent 
f patients with primary hypertension. We expected to 
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find increased renin in all of our patients with increased 
catecholamines. However, half of these patients had 
normal or low renin values. Perhaps other factors, either 
compensatory mechanisms or those related to magni- 
tude and duration of the hypertension or renal seque- 
lae,!? account for their blunted renin response. Alter- 
natively, as postulated in renovascular hyperten- 
sion,!^!4 increased sympathetic tone in patients with 
high renin levels may be a consequence of an abnormal 
stimulus to renin production. The latter explanation is 
not supported by findings of a delay in blood pressure 
reduction among patients with high renin levels after 
beta blocking agents despite immediate suppression of 
plasma renin.!? Increased sympathetic nervous activity 
may be responsible for elevated blood pressure in high 
renin hypertension. Increased renin may be a bio- 
chemical marker of sympathetic nervous hyperactivity 
in high renin hypertensive patients without renal dys- 
function. 
Acknowledgment 

We gratefully acknowledge the technical assistance of Mrs. 
Grace Yen and Ms. Louise Ozaki, and we thank Mrs. Joy 
Noble for preparation of the manuscript. 


References 


patients with primary hypertension. Lancet 1:806-809, 1972 
9. Brunner HR, Laragh JH, Baer LB, et al: Essential hypertension: 

renin and aldosterone, heart attack and stroke. N Engl J Med 
286:441—449, 1972 

10. Gulati SC, Channick BJ, Adlin EV, et al: Low-renin hypertension. 
Arch Intern Med 135:260-263, 1975 

11. DeQuattro V, Campese V, Lurvey A, et al: Low response of serum 
dopamine-5-hydroxylase to stimuli in primary hypertension. Bio- 
chem Med 15:1-9, 1976 

12. Brown JJ, Lever AF, Robertson JIS: Renal abnormality of essential 
hypertension. Lancet 2:320-322, 1974 

13. Eide l: On the pathogenesis of renovascular hypertension. Scand 
J Clin Lab Invest 31:129— 132, 1973 

14. Frohlich ED, Ulrych M, Tarazi RC, et al: A hemodynamic com- 
parison of essential and renovascular hypertension. Cardiac output 
and total peripheral resistance: supine and tilted patients. Circulation 
35:289-297, 1967 

15. Buhler FR, Burkart F, Lutold BE, et al: Antihypertensive beta 
blocking action as related to renin and age: a pharmacologic tool 
to identify pathogenetic mechanisms in essential hypertension. 
Am J Cardiol 36:653-669, 1975 


04 November 23, 1976 The American Journal of CARDIOLOGY Volume 38 


Ny 


New Mineralocorticoids and Adrenocorticosteroids 


in Hypertension 


JAMES C. MELBY, MD 
SIDNEY L. DALE, PhD 


Boston, Massachusetts 


From the Section of Endocrinology and Metabo- 
lism, Robert Dawson Evans Department of Clinical 
Research, Department of Medicine and Physiol- 
ogy, Boston University School of Medicine, Bos- 
ton, Mass. This work was supported in part by 
Grant-in-Aid AM-12027-08, HL 18318-01 (SRC), 
2-P02-AM-08657-12 from the National Institutes 
of Health, Bethesda, Md. 

Address for reprints: James C. Melby, MD, 
University Hospital, 75 East Newton St., Boston, 
Mass. 02118. 


Leif od I dp EUR NS | 


EAT AN 


Mh AS oh Me S - 


dc ^n 
4. 4 , i 
Fas. om Sene o ELT 


Alterations in steroidogenesis have been demonstrated in ipei 
and human hypertension. It is highly likely that increased secretion of the 
nonaldosterone mineralocorticoid deoxycorticosterone (DOC) and 18- 
hydroxy-11-deoxycorticosterone (18-OH-DOC) may initiate or perpetuate 
hypertension, or both. It is possible that 16 beta-hydroxydehydroepian- 
drosterone (163-OH-DHEA) directly induces the hypertensive process. 
in animals. The significance of the findings of increased secretion on 
16 alpha, 18-dihydroxy-11-deoxycorticosterone (16a, 18-diOH-DOC) and 
dehydroepiandrosterone sulfate (DHEA-S) cannot now be appreciated. 
Neither has been examined experimentally for its ability to induce hy- 
pertension, and the former compound is not a mineralocorticoid. It does 
possess the curious property of increasing mineralocorticoid activity of. 
other steroids, by altering either their metabolism or mode of action. ! 
Variations in the mineralocorticoid hypertensive syndrome or, more aptly, 
the steroid hypertensive syndrome could account for the hypertension | 
in a substantial portion of patients with reduced plasma renin activity. — 

"d 
Excessive secretion of one or more of at least five nonaldosterone adre- 
nocortical hormones has been observed in certain patients with hyper- 
tension. These hormones include deoxycorticosterone (DOC), 18-hy- 
droxy-11-deoxycorticosterone (18-OH-DOC), 16a, 18-dihydroxy- 11- 
deoxycorticosterone (16a, 18-diOH-DOC), 168- hydroxy dehydroepi- 
androsterone (168-OH-DHEA) and dehydroepiandrosterone sulfate 
(DHEA-S) (Table I).!-!® Three of these seemingly behave as weak 
mineralocorticoids; 16a, 18-diOH-DOC may facilitate mineralocorticoid 
activity but DHEA-S exhibits negligible effects on sodium metabolism, 
possibly functioning as a biologic marker. 

The mineralocorticoid hypertensive syndrome: A concept of the 
mineralocorticoid hypertensive syndrome has gradually evolved since 
Conn et al.! first described the manifestations of excessive aldosterone 
secretion in man. The essential features of the syndrome include sup- 
pressed plasma renin activity, hypervolemic or volume-dependent hy- 
pertension, adrenocortical structural abnormalities and excessive 
mineralocorticoid secretion. It is well established that repeated injections 
of aldosterone and deoxycorticosterone into animals and man can pro- 
duce hypertension,!?? and it was recently shown that injections of 
18-OH-DOC into rats for 3 weeks induced hypertension.!? The miner- 
alocorticoid hypertensive syndrome resembles hyporeninemic essential 
hypertension in several important respects. The most important common 
characteristic is volume-dependent sustained hypertension. Many pa- 
tients with the mineralocorticoid hypertensive syndrome or with hy- 
poreninemic essential hypertension respond equally well to diuretic 
therapy alone, and dramatically to mineralocorticoid antagonists such 
as spironolactone.2° Nonaldosterone adrenocortical steroid secretory 
excess has been observed predominantly in patients with so-called low 
renin essential hypertension and, by implication, it has been assumed 
(without sufficient evidence) that these substances initiate, perpetuate 
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or intensify hypertension through accepted mineralo- 
dim mechanisms. For this reason it is necessary to 
consider the nature of low renin essential hypertension 
briefly. 
=- Observations on the nature of low renin hyper- 
tension: Numerous studies??! have identified a 
subgroup of patients who seemingly have essential hy- 
pertension but who exhibit suppressed or hypores- 
ponsive plasma renin activity when challenged by any 
maneuver that will acutely produce substantially neg- 
ative sodium balance.?'?? This subpopulation of pa- 
tients represents approximately 20 to 25 percent of the 
1ypertensive population at large. Interestingly, the only 
other situation in which untreated patients with hy- 
pertension have suppressed plasma renin activity is in 
he mineralocorticoid hypertensive syndrome. Table 
I lists the features in low renin essential hypertension 
hat may be common to the mineralocorticoid hyper- 
jensive syndrome. The demonstration of increased ex- 
changeable sodium, extracellular fluid and plasma 
volumes and also. the hypotensive effects of sodium 
deprivation and diuretic therapy in both disorders 
suggest that increased sodium and water retention is an 
immediate cause of the volume-dependent hypertension 
observed. Furthermore, compelling evidence has been 
btained to support the idea that adrenal mineralo- 
'orticoid excess has a primary role in the genesis of low 
enin essential hypertension, since Woods et al.?* were 
; le to reduce the blood pressures of patients with low 















TABLE I 


idrenocortical Hormones Associated With Hypertension 













Reference 


.. Potent mineralocorticoids 
1. Aldosteronism 
Primary, solitary adenoma 
Idiopathic, bilateral nodular 





Conn et al. 1964! 


hyperplasia Katz, 1967? 
Glucocorticoid, remediable Sutherland et al. 1966? 
Congenital Moran et al. 1960* 


. Weak mineralocorticoids 
.. 1. Deoxycorticosterone (DOC) ? 
Streeten et al. 1969° 


| excess 
| Idiopathic, nodular hyperplasia Kahn et al. 19665 
[ (?) isolated Brown et al. 1972’ 


17a-Hydroxylase deficiency Biglieri et al. 1966* 
- . 118-Hydroxylese deficiency Eberlein and Bongiovanni, 
- Ectopic ACTH Cushing's 1956” 
> syndrome Biglieri et al. 1968'° 
— 2. 18-Hydroxydeoxycorticosterone 
| (18-OH-DOC) excess 
| Idiopathic 
| Solitary adenoma 
|.  17a-Hydroxylase deficiency 
Ectopic ACTH Cushing's 
syndrome 
3. (?) 168-Hydroxy dehydro- 
epiandrosterone 
| (168-OH-DHEA) excess 
S. ? Facilitation of mineralocorti- 
coid activity 
1. 16o, 18-Dihydroxydeoxy- 
corticosterone excess (?) 
2. Negligible mineralocorticoid 
activity 
~ 1. Dehydroepiandrosterone 
} (DHEA-S) sulfate 


Melby et al. 1970'' 
Melby et al. 1972'? 
Melby et al. 1972? 
Melby et al. 1971? 


Liddle and Sennett, 1974!? 


Dale and Melby, 1973!5 


Sekihara et al. 1975!5 





--—- 


TEMUIVS HN FITFEHIENOIUN—MELDY ANU BALE 7 


' Increased exchangeable sodium 


EEROLIUDAPACGERCINMCO M *CUNCC DOW AUVWAAQSUDUEMS DODAWINUTDEESWQUTNEReEGT 
Bi ` F~ s " . M 


plasma renin activity by administering aminoglu- 
tethimide, an inhibitor of steroidogenesis at an early 
stage. On the other hand, aminoglutethimide was in- 
effective in reducing the blood pressures of hypertensive 
patients with normally responsive plasma renin activity. 
Gunnells et al.2° observed obvious structural abnor- 
malities of the adrenal glands in low renin patients 
undergoing adrenalectomy. Grim et al.” reported that 
all of their low renin patients undergoing bilateral total 
adrenalectomy became normotensive. Padfield et al.?! 
found that patients with low renin essential hyperten- 
sion had significantly lower exchangeable potassium 
measurements than hypertensive patients with nor- 
mally responsive plasma renin activity. Studies in 
process by Gavras et al.?? describe failure of low renin 
hypertensive subjects to respond to inhibition of angi- 
otensin II action by !sar-?ala-angiotensin (Saralosin®) 
suggesting preeminence of sodium excess in this form 
of hypertension. 

On the other hand, in some of the studies cited in 
Table II, conflicting observations coexist regarding 
exchangeable sodium and plasma volume. Table III lists 
data??-4 that militate against the concept that low renin 


TABLE Il 


Features of Low Renin Hypertension Resembling the 
Mineralocorticoid-Hypertensive Syndrome 


Finding Reference 





Kuchel et al.?!; 
Helmer and Judson?? 


Plasma renin activity unresponsive 
to sodium depletion 

Aldosterone-suppressed renin 
unresponsive to sodium depletion 

Plasma aldosterone unsuppressible 
by sodium 

Increased blood volume 


Helmer and Judson?? 


Grim et al.?* 

Helmer and Judson?? 

Woods et al.?^ 

Increased extracellular fluid 
volume 

Low salivary sodium/ 
potassium ratio 

Normotensive with adrenal 
inhibitor 

Characteristic response to 
spironolactone 

Structural adrenal abnormalities 

Normotensive after adrenal- 
ectomy 

Increased central blood volume 

Sodium dependency (response to 
Saralasin) 

Decreased exchangeable potassium 

Increased mineralocorticoid activity 
of urinary extracts 


Jose et al.” 
Crane et al.?? 
Woods et al.?^ 


Spark and Melby?? 
Gunnells et al.?° 

Grim et al.?5 
Esler et al.?? 


Gavras et al.?? 
Padfield et al.?' 


Sennett and Liddle?? 





TABLE III 


Features of Low Renin Hypertension Unlike 
Mineralocorticoid Excess 





Finding Reference 





Normal plasma volume 

Normal extracellular fluid 

Normal exchangeable sodium 

Normal plasma extract competition for 
binding to mineralocorticoid 
receptors not increased Baxter?^ 


Schalekamp et al.?? 
Schalekamp et al.?? 
Lebel et al.?? 
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hypertension is predominantly a manifestation of 
mineralocorticoid excess. Displacement of aldosterone 
from its receptor proteins by products of crude extracts 
of plasma may not be a valid means of assessing min- 
eralocorticoid activity in the case of very weak miner- 
alocorticoids because of the limitation of plasma sam- 
pling.?^ In two studies,???? patients secreting excessive 
amounts of DOC who exhibited other stigmata of the 
mineralocorticoid hypertensive syndrome did not have 
increased values for plasma and extracellular volumes 
or exchangeable sodium. Comparative hemodynamic 
studies are lacking for the hypertensive subgroups. The 
possibility that the low renin state is a stage in the de- 
velopment of essential hypertension and not an entity 
cannot be excluded in a significant proportion of pa- 
tients. However, it is tempting to conclude that this 
subpopulation of patients with low plasma renin activity 
is afflicted with the mineralocorticoid hypertensive 
syndrome and that any mineralocorticoids involved 
have yet to be characterized because of the recent and 
rapidly accumulating demonstrations of altered adrenal 
steroidogenesis in the low renin hypertensive popula- 
tion. The roles of the various nonaldosterone adreno- 
cortical steroids, cited in Table I, in human hyperten- 
sion will be considered in the discussion to follow. 


Deoxycorticosterone (DOC) Excess 


Administration of deoxycorticosterone acetate 
(DOCA) to laboratory animals and to man induces so- 
dium retention and potassium loss in urine. Experi- 
mental hypertension induced by DOCA has been well 
studied and an abundant literature lists its character- 
istics. It has been amply demonstrated that DOCA hy- 
pertension is sodium-dependent and will not occur in 
animals deprived of salt. DOC is predominantly but not 
exclusively secreted by the zona fasciculata of the 
adrenal cortex and is largely under the control of adre- 
nocorticotrophic hormone (ACTH). In adrenal regen- 
eration hypertension and in adrogen-induced hyper- 
tension in rats, hypersecretion of DOC is the principal 
determinant of the development of hypertension. 

In man, hypersecretion of DOC is apparently asso- 
ciated with the development of hypertension in those 
with certain inborn errors of cortisol biosynthesis distal 
to 21-hydroxylation, such as 17a-hydroxylase and 
118-hydroxylase deficiency. In each of these conditions, 
DOC hypersecretion is associated with elevated plasma 
ACTH levels. Heightened DOC secretion is often ob- 
served in Cushing's syndrome and particularly in 
Cushing's syndrome associated with ectopic production 
of ACTH by neoplastic tissue. Sodium-dependent or 
volume-dependent hypertension and hypokalemia all 
accompany even modest increments in DOC secretion. 
Isolated DOC excess was first observed? in patients 
with low renin essential hypertension. Subsequently, 
elevated plasma DOC concentration was observed? on 
repeated examinations of 6 of 20 patients with low renin 
essential hypertension. These patients also were ob- 
served to have intermittent hypokalemia without 
provocation. Remission of hypertension and hypo- 
kalemia- was easily accomplished by administration of 
spironolactone. 'T'he nature of the adrenocortical lesion 
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that is responsible for isolated DOC excess has not beer 
determined in most of the patients studied. However 
adrenal venography in two of the patients suggested th 
overproduction of DOC to be bilateral, and radiographi 
demonstration of multiple nodules has been made. — 
Radioimmunoassay of DOC in plasma has been i in 
hibited by the poor specificity of antibodies made t; 
DOC. Large screening programs have only recently bee 
undertaken. No accurate estimate of the prevalence Q 
isolated DOC excess can be made at present. In a fe 
patients with isolated DOC excess, the administratio 
of dexamethasone fails to lower plasma DOC concen 
trations significantly, thus suggesting autonomy [ 
hypersecretion. 3 
18-OH-DOC excess: 18-Hydroxy-11- deoxycor! 
icosterone (18-OH-DOC) was isolated and identified a 
a naturally occurring steroid from the medium bathin 
incubated sectioned adrenal glands?? and later ident 
fied as the principal corticosteroid product of incubate 
rat adrenal slices.?9?7 This steroid was first synthesize 
by Pappo? and shown to have weak mineralocorticoi 
activity. 18-OH-DOC was isolated from human adrené 
vein blood and its identification established by Melb 
et al.11-13 and confirmed by others.??-^? In healthy adul 
subjects,!? the secretion of 18-OH-DOC was found t 
be quantitatively similar to the secretion rates of al 
sterone and DOC. Melby et al.!? provided indirect evi 
dence in man, dog and rat that 18-OH-DOC is mainl 
a secretory product of the zona fasciculata of the adreng 
cortex and that 18-OH-DOC is primarily ACTH-c 
pendent. Small increments in its secretion could b 
associated with activation of the zona glomerulosa b 
sodium depletion. However, in animals and man, 
giotensin evokes no increase in 18-OH-DOC secH 
tion. aa 


ham et al.*! first demonstrated excessive secretion of 
OH-DOC using incubated sections of regenerating adre 
glands after the developiuent of adrenal regeneration hypel 
tension by adrenal enucleation. These findings were late 
confirmed in our laboratory.!?:4? [n a series of studies, it we 
demonstrated that the secretion of all steroids into the adren: 
venous effluent of rats with adrenal regeneration hypertensio 
was greatly decreased within 24 hours of the enucleation. DO! 
secretion began to increase 1 week after enucleation and re 
turned to near control levels by 3 weeks. 18-OH-DOC secre 
tion was greatly diminished during the first 3 weeks, but tb 
steroid was greatly oversecreted in the 3 weeks after ent 
cleation. Corticosterone secretion returned to normal at 
weeks, and aldosterone secretion remained low throughot 
the study, but it must be recalled that these animals are it 
gesting large amounts of sodium chloride. These studies o 
direct adrenal secretion of steroids suggest that conflictin 
previous studies may merely reflect sampling or experiment; 
procedures carried out at different times during the deve 
opment of adrenal regeneration hypertension. 18-OH- DO 
excess is present at 6 weeks and restoration of DOC secretio 
is obvious by 3 weeks. 

Peripheral steroid levels obtained in the basal or ur 
stressed state in rats during the development of adrenal ré 
generation hypertension confirmed the suspicions arouse 
by the adrenal venous effluent data that both DOC and E 
OH-DOC were involved in the production of adrenal reger 
eration hypertension. Gaunt et al.*? have clearly demonstrate 


18-OH-DOC in experimental hypertension: mot 
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hat basal peripheral DOC levels are at least 10-fold greater 
1 animals with enucleation compared with control animals 
weeks after enucleation (Fig. 1). At this time the animals are 
rankly hypertensive. It should be pointed out that DOC levels 
egin to increase in the peripheral blood at about 2 weeks; 
8-OH-DOC levels in the peripheral blood are greatly in- 
reased at 6 weeks, whereas DOC levels are greatly increased 
t 3 weeks. Since significant hypertension is clearly evident 
y 3 weeks in these animals, at a time when peripheral DOC 
Bp are markedly elevated, it is highly likely that 

is the inciting steroid for the onset of hypertension. It is 
qually likely that excessive secretion of 18-OH-DOC per- 
etuates and worsens adrenal regeneration hypertension at 
time when all other mineralocorticoid secretion is, if any- 
ting, suppressed. The amount of 18-OH-DOC secreted after 
nucleation in the rat with adrenal regeneration hypertension 
kceeds by far the amount necessary to produce hypertension 
y injection of exogenous 18-OH-DOC. 

Hypersecretion of 18-OH-DOC was demonstrated?! in some 
;lonies of rats with hereditary hypertension—rats genetically 
isceptible to salt-induced hypertension when compared with 
its resistant to the effects of salt on blood pressure. Even 
10ugh the mineralocorticoid activity of 18-OH-DOC is 
iodest in comparison with that of aldosterone, the former has 
een reported!*. 45 to produce hypertension when injected into 
nmature rats in a dose equivalent to the dose of deoxycorti- 
ysterone that produced hypertension. Administration of 
3-OH-DOC (in a dose of 200 ug/day) can induce the hyper- 
msive state in the rat within 2 weeks. There is little doubt 
iat this steroid may play an important role in certain forms 
‘experimental hypertension and that modest increments in 
8 secretion are capable of inducing hypertension. 
18-OH-DOC excess in human hypertension: 
lelby et al.!2 demonstrated excessive secretion of 
3-OH-DOC in four forms of hypertension, three of 
hich are associated with suppression of plasma renin 
Mivity. In 17a-hydroxylase deficiency, Cushing’s 
mdrome, primary aldosteronism and in a small num- 
er of patients with essential hypertension and sup- 








FIGURE 1. Peripheral levels of plasma de- 
oxycorticosterone (DOC) and plasma 18- 
6 wks OH-DOC during the development of adrenal 
regeneration hypertension after enucleation. 


pressed plasma renin activity, there was excessive se- 
cretion of 18-OH-DOC or of its urinary metabolite 
18-hydroxy-tetrahydro-deoxycorticosterone (18- 
OH-TH-DOC). 

The isolation and identification of 18-OH-DOC in 
human adrenal venous effluent coincided with the 
growing indirect evidence that suppressed plasma renin 
activity hypertension might be due to a mineralocorti- 
coid, the structure of which was unknown. The possi- 
bility that 18-OH-DOC may somehow be involved in 
hypertension induced by suppressed plasma renin ac- 
tivity has been examined in large numbers of pa- 
tients. 

We had previously reported!? that 18-OH-DOC se- 
cretory excess was found to be the sole steroid abnor- 
mality in approximately 10 percent of hypertensive 
patients with suppressed plasma renin activity. We have 
now studied a much larger group of hypertensive pa- 
tients in terms of their 24 hour urinary excretion of the 
principal metabolite of 18-OH-DOC, 18-OH-TH-DOC. 
In normal subjects, the mean excretion of this metab- 
olite is 15.3 ug/day (range 5 to 25 ug/day). Comparative 
studies in patients with and without hypertension and 
altered plasma renin activity are shown in Figure 2. The 
mean 18-OH-TH-DOC excretion in hypertensive 
subjects with normally responsive plasma renin activity 
was 13 ug/day. Eighteen percent of 43 of these patients 
had urinary 18-OH-TH-DOC secretion in excess of the 
normal range. In patients with low renin essential hy- 
pertension or hypertension induced by suppressed 
plasma renin activity, there appears to be a bimodal 
distribution of excretion of the 18-OH-DOC metabo- 
lites. This bimodal distribution was not apparent in our 
previous studies, in which the number of patients ex- 
amined was much smaller. It is probably not valid to 
report a mean of 44 ug/day with such a bimodal distri- 
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bution. In more than 40 percent of 114 patients values 
were above the mean normal range. About 40 percent 
of the 37 patients with primary aldosteronism exhibited 
clearly increased 18-OH- TH-DOC excretion. We found 
no correlation between this increased excretion and the 
pathologic findings in primary aldosteronism whether 
or not a solitary aldosterone-producing adenoma was 
removed or idiopathic hyperaldosteronism or bilateral 
nodular hyperplasia was demonstrated. In the past 5 
years, we have identified increasing numbers of patients 
with hypertension induced by suppressed plasma renin 
activity secreting excessive amounts of 18-OH-DOC. 
'The reasons for this are not clear but more than likely 
result from patient selection. A high percentage of the 
patients described here exhibited hypokalemia. Several 
were at first thought to have primary aldosteronism. It 
is likely that differences in patient selection may ac- 
count for the apparently contradictory studies of Mes- 
serli et al.4° and Genest et al.*9 in which elevated aldo- 
sterone secretion rates were found in patients with es- 
sential hypertension and elevated 18-OH-DOC secre- 
tion rates were found more often in patients with es- 
sential hypertension and normally responsive plasma 
renin activity. We have observed elevated plasma 18- 
OH-DOC levels in some hypertensive patients with 
normal plasma renin activity. 

Eighteen patients with suppressed renin hyperten- 
sion and excessive 18-OH-DOC secretion have been 
studied in terms of spironolactone responsiveness, al- 
dosterone secretion rate and response of the blood 
pressure to suppressive doses of dexamethasone. Ten 


I8OH DOC ng/IiOO ml 


9 AM 9:15 9:30 9:45 10:00 


FIGURE 3. Ultradien variation in plasma 18-OH-DOC and cortisol concentrations in one healthy subject. 
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1 
patients (55 percent) exhibited a significant reduction 
in diastolic blood pressure when given dexamethasone, 
1.5 mg/day for 6 weeks. All of the patients had a sig- 
nificant reduction in urinary 18-OH-TH-DOC while 
receiving dexamethasone. Sixteen of these 18 patients 
had significant reductions of blood pressure or became 
normotensive after 3 weeks of large dose spironolactone 
therapy 400 mg/day. The aldosterone secretion rates in 
these subjects tended to be low, averaging 80 ug/day. It 
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HYPERTENSION | HYPERTENSION | PRIMARY 
RESPONSIVE | SUPPRESSED | ALDOSTERONIS 
PRA (43) | PRA (I4) ELE 1 
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FIGURE 2. Urinary excretion of 18-hydroxy-tetrahydro-deoxycortico- 
sterone (18-OH-TH-DOC) in patients with hypertensive disorders and 
healthy subjects. PRA = plasma renin activity. Figures in paren 
indicate number of subjects. 
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3 difficult to interpret lack of blood pressure respon- 
iveness in such patients. The long mineralocorticoid 
xcess can result in permanent hypertension in some 
iatients. It should be recalled that no more than 70 
iercent of patients with primary hyperaldosteronism 
espond to unilateral adrenalectomy with removal of the 
denoma and with a normalization of blood pressure. 

- In summary, a significant increase in secretion of 
8- OH-DOC, as reflected by urinary 18-OH-TH-DOC 
xcretion, occurs in certain proportions of patients with 
uppressed plasma renin activity hypertension. It is 
ossible, though not proved, that 18-OH-DOC excess 
nay play a role in the genesis of hypertension in these 
iatients. 

. Screening for 18-OH-DOC excess (concentration 
f 18-OH-DOC in peripheral blood of man): Dale et 
1.7 measured peripheral blood levels of 18-OH-DOC 
ising a sensitive and accurate radioimmunoassay 
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IGURE 4. Plasma 18-OH-DOC concentrations in normal subjects 
t8 AM, at 8 AM after administration of 1 mg of dexamethasone (DEX) 
t 11 PM on the previous night, and after 250 ug of 1-24 6 corticotropin 
ACTH). SD = standard deviation. 
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method. The normal concentration in plasma is 5.9 + 
3.4 ng/100 ml in specimens obtained between 8 and 9 
AM. 'The highest levels are expected during this time 
period, since 18-OH-DOC secretion is primarily under 
the control of ACTH.!* The latter greatly increases 
18-OH-DOC levels in both peripheral and adrenal ve- 
nous blood. The concentration in plasma before and 
after administration of ACTH measured by radioim- 
munoassay agrees closely with values calculated indi- 
rectly from the secretion and metabolic clearance rate 
data.!^ A marked stimulation by ACTH indicates that 
18-OH-DOC may be secreted in pulses similar to those 
shown for cortisol and may exhibit a so-called ultradien 
rhythm. Measurement of 18-OH-DOC concentrations 
in peripheral blood in normal human subjects show that 
levels vary severalfold during the morning hours (Fig. 
3). 


The suppression and stimulation of plasma 18-OH-DOC 
concentrations by the administration of dexamethasone and 
ACTH is indicated in the histogram in Figure 4. The con- 
trolled blood samples were obtained at 8 AM and, immediately 
thereafter, 250 ug of 1-248 corticotropin was administered 
intravenously. T'wo hours later blood samples were obtained. 
Dexamethasone, 1 mg, was administered at 11 PM and an 
additional blood specimen was drawn the following morning. 
It can be seen that dexamethasone decreased 18-OH-DOC 
from control levels of 6.1 + 1.7 (mean + standard deviation) 
to 2.3 + 0.8 ng/100 ml. ACTH stimulation resulted in an 18- 
fold increase in levels to 109 + 31 ng/100 ml in plasma. 

Plasma 18-OH-DOC determinations have been made in 
a small number of hypertensive patients. Basal plasma 
18-OH-DOC concentration at 8 AM was clearly elevated in 
3 of 16 hypertensive patients with normally responsive plasma 
renin activity. Williams et al.4® found 3 of 14 hypertensive 
patients with normally responsive plasma renin activity to 
have significantly elevated plasma 18-OH-DOC concentra- 
tions; in low renin subjects, such significant elevations were 
not observed. Because of the ultradien rhythm, it may be 
necessary to obtain serial measurements of plasma 18-OH- 
DOC concentrations to assess the significance of casual single 
determinations. Large hypertensive populations could be 
screened, and the extent of hypersecretion, alterations in 
regulation and role of 18-OH-DOC in hypertension could be 
determined more fully. 

16a, 18-diOH-DOC excess: 18-OH-DOC is a relatively 
weak mineralocorticoid in comparison with aldosterone. We 
therefore wondered whether it functions as a biological marker 
in hypertensive patients and is not an end product of ste- 
roidogenesis in the human but rather a precursor of a more 
active mineralocorticoid. The analogy immediately suggested 


FIGURE 5. Precursor role of 18-OH-DOC in the 
adrenal fasciculata. 18-OH-DOC is the substrate 
for 16a-hydroxylase for the formation of 16a, 
18-diOH-DOC. 
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was the precursor relation of 18-hydroxycorticosterone (18- 
OH-B) to aldosterone. The conversion of 18-OH-B to aldo- 
sterone by the action of an 18-hydroxy steroid dehydrogenase 
in the glomerulosa would be analogous to the conversion of 
18-OH-DOC to a hypothetical 11-deoxyaldosterone in the 
zona fasciculata. Human adrenal incubation studies*? with 
radioactive 18-OH-DOC demonstrated efficient conversion 
to 18-hydroxycorticosterone and less efficient conversion to 
aldosterone. Radiochromatographic scans of paper chro- 
matograms demonstrated significant conversion to a sub- 
stance more polar than 18-OH-B. This material was subse- 
quently identified by Dale and Melby?? to be 16a, 18-dihy- 
droxy-11-deoxycorticosterone (16a, 18-diOH-DOC) (Fig. 
5). 

To evaluate the biologic action of 16a, 18-diOH-DOC, Dale 
and Melby? studied its effect on sodium retention in the 
adrenalectomized rat. The histogram in Figure 6 (open bars) 
indicates that the compound was without effect on sodium 
metabolism in the rat. Preliminary but subsequently uncon- 
firmed work by Funder of Melbourne, Australia, suggested 
increased binding of labeled aldosterone to its rat kidney cy- 
tosol receptor in vitro in the presence of 16a, 18-dihydroxy- 
deoxycorticosterone. To evaluate the biologic action of the 
latter in vivo, we studied the effect of this compound on en- 
hancing the sodium-retaining ability of subthreshold doses 
of aldosterone in the rat; and the conversion of labeled 18- 
hydroxy-deoxycorticosterone to the compound by adrenal 
tissue from patients with essential hypertension and low 
plasma renin activity. An example of the results of this type 
of experiment is seen in Figure 6. The black bar represents 
sodium excretion after 50 ng of aldosterone is given (a sub- 
threshold effect). Aldosterone is without significant effect. 
When 16a, 18-diOH-DOC is given, there is a significant re- 
duction of sodium excretion in response to aldosterone 
suggesting that somehow it facilitates aldosterone action. 

The mechanism by which 16a, 18-dihydroxy-deoxycort- 
icosterone enhances aldosterone activity has not been char- 
acterized. Its presence could produce conformational changes 
in inactive aldosterone cytosol receptors resulting in formation 
of receptors capable of binding aldosterone. Removal of active 
receptors by complexing with aldosterone should favor for- 
mation of more active receptors. The existence of higher 
concentrations of aldosterone receptors in target tissues re- 
sponsible for sodium conservation seems to support the con- 
cept that formation of an aldosterone-receptor complex is a 
prerequisite for expression of aldosterone's metabolic effect. 
The net effect of 16a, 18-dihydroxydeoxycorticosterone would 
be to increase the physiologic action of the existing concen- 
tration of aldosterone. Another explanation might be that it 
may retard aldosterone metabolism by the liver and kidney. 
This possibility has not been thoroughly examined. 

The conversion of [1,2-3H]-18-OH-DOC to 16a, 18-dihy- 
droxydeoxycorticosterone was studied in normal adrenal slices 


OH 


FIGURE 7. C-19 168-hydroxylated steroids from 
urine. 
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and adrenal slices from the low renin essential hypertensive 


patients. Normal adrenal tissue converted a mean of 15 per- — 


cent of the added labeled 18-OH-DOC to the 16a metabolite, 
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while conversion of 64 percent was observed in the hyper- | 


tensive patients. Hypersecretion into the medium was ob- 
served to have occurred in patients' incubations relative to 
normal adrenal incubations, as estimated by ultraviolet ab- 
sorption on thin layer plates and paper chromatograms. 
Increased production of this steroid by adrenal tissue has 


] 
1 


A 
- 


been demonstrated in our laboratory in vivo as well as in vitro | 
in patients with low renin hypertension. Estimated secretion . 
of 16a, 18-diOH-DOC is one and a half to two times that of 
18-OH-DOC but may be as much as fivefold. 


168-OH-DHEA excess: Liddle and Sennett!^^? 
found increased excretion in urine of the C-19 steroid 
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FIGURE 6. Effects of 16a, 18-diOH-DOC, aldosterone (ALDO) and al- 
dosterone plus 16a, 18-diOH-DOC on urinary sodium excretion in the 
adrenalectomized rat. Probability (p) values are in relation to control 
data. NS = not significant. 
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"IGURE 8. Mean arterial blood pressure data in uninephrectomized 
nmature rats after implantation of Silastic capsules of 166-OH-DHEA 
olid line) and in control rats (dashed line). Bars indicate standard 
ror of the mean. 
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66- OH-dehydroepiandrosterone (168-OH-DHEA) in 
nost of 15 patients with suppressed plasma renin ac- 
ivity and hypertension, and no significant increase in 
xcretion of this steroid in all but 1 of 14 patients with 
issential hypertension and normally responsive plasma 
enin activity. In a series of arduous experiments, these 
nvestigators demonstrated that the urine of patients 
vith low renin essential hypertension contained greater 
xtractable mineralocorticoid activity than could be 
iccounted for by the presence of any known mineralo- 
orticoid. They assessed the mineralocorticoid activity 
f extracts by injecting them into adrenalectomized 
inimals and observing the effect on sodium excretion. 
t was soon found that excess mineralocorticoid activity 
n the low renin patients could be attributed to the 
verabundance of the steroid 168-OH-DHEA and its 
somer 16-oxo-androstenediol. These steroids (Fig. 7) 
vere obtained after acid hydrolysis of urine and then 
xtracted. It was found that 168-OH-DHEA and its 
6- -oxo isomer exhibited sodium-retaining activity in 
drenalectomized rats. All of the patients they exam- 
ed with low renin “essential” hypertension excreted 
ubstantially more than 100 ug/day of 168-OH-DHEA. 
Aore than 95 percent of patients with normally re- 
ponsive plasma renin activity excreted less than 100 
g/day of the steroid, whereas excessive excretion of this 
teroid could be demonstrated in all the patients with 
ow renin essential hypertension. 
i 


^ 





The significance of such provocative observations is not 
entirely clear. It is not known whether secretion of 168-OH- 
DHEA or its precursor DHEA is altered. It is possible that the 
increased urinary excretion of this metabolite reflects in- 
creased hepatic metabolism of DHEA. The next information 
needed is whether this steroid itself is responsible for in- 
creased mineralocorticoid activity or whether it functions as 
a biologic marker for some more potent but as yet unidentified 
steroid. Funder et al.?! have shown only negligible affinity for 
mineralocorticoid receptors in vitro, and others have not found 
significant sodium retention induced by this steroid. Shack- 
leton et al.°? found greatly elevated amounts of 168-OH- 
DHEA in the urine of newborn infants who were not hyper- 
tensive. Komanicky and Melby?? implanted Silastic® capsules 
containing 168-OH-DHEA under the skin of young unine- 
phrectomized rats and observed a significant increment in 
blood pressure within 4 weeks (Fig. 8). Permanent hyper- 
tension was not achieved during this experiment because the 
rate of disappearance of 168-OH-DHEA from the Silastic 
capsule was rapid when compared with that in DOCA hy- 
pertensive control animals. It may be that exposure to the 
hypertensive stimulus was not sufficient. The increase in 
blood pressure was highly significant when compared with 
control values at 4 weeks, and it is concluded that 168-OH- 
DHEA does possess a hypertensinogenic activity. It is of in- 
terest that a steroid of negligible or barely perceptible min- 
eralocorticoid activity could induce alterations in the blood 
pressure over this short period. If 168-OH-DHEA can produce 
hypertension without sodium retention, then these studies 
may have implications for the understanding of steroid- 
mediated hypertension. 


DHEA-S Excess 


In 1975, Sekihara et al.!6 demonstrated, that in pa- 
tients with essential hypertension, levels of dehydroe- 
piandrosterone sulfate (DHEA-S) were significantly 
higher than in the control age-matched group. These 
findings are of some interest because of the possible 
precursor role of DHEA-S for 168-OH-DHEA-S. 

It may well be that, in the patients studied by Sennett 
et al.,?* DHEA-S levels were also elevated. DHEA-S is 
not known to be capable of producing hypertension in 
animals or man, but studies of this notation have not 
been systematically made. DHEA-S is the most abun- 
dant secretory product of the adrenal cortex. Secreted 
by the adrenal glands, it appears not to be primarily 
under the control of ACTH.°* The regulation of the 
secretion of DHEA-S may be pituitary-dependent, 
because administration of dexamethasone can ulti- 
mately reduce the adrenal secretion of this material. 
Shao et al. previously reported that the secretion of 
both DHEA-free alcohol and DHEA-S were increased 
in hypertensive patients. Classification of the signifi- 
cance of these observations must await additional 
study. 
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Adrenocortical Factors in Hypertension 


I. Significance of 18-Hydroxy-1 1-Deoxycorticosterone 


Low renin essential hypertension and the syndrome of mineralocorticoid 
excess have two features in common, low plasma renin activity and 
volume-sensitive hypertension. The proposal that both disorders share 
a common mechanism—because of the ability of agents that inhibit or 
antagonize the adrenocortical secretion to lower blood pressure in the 
low renin hypertensive group—appears to be based on a circular argu- 
ment. The beneficial effect of removal or neutralization of the adreno- 
cortical contribution only constitutes evidence for volume-dependency 
or sensitivity, which is how the low renin group is defined. Any measure 
that blocks a component of the normal homeostatic chain for the main- 
tenance of extracellular and intravascular volume including the adrenal 
cortex would be expected to have a beneficial effect in volume-sensitive 
hypertension. Evidence for an adrenal factor in low renin hypertension 
must rest on the isolation of an active substance that reproduces the effect 
when readministered. 18-Hydroxy-11-deoxycorticosterone (18-OH-DOC) 
does not meet these criteria. It is not significantly increased in experi- 
mental hypertension and, although its overproduction in unselected low 
renin essential hypertensive patients remains controversial, the magnitude 
of the reported elevations is insufficient in relation to the low biologic 
activity of the steroid to account for a significant effect. 

Apart from its increase in the 17a-hydroxylase defect, 18-OH-DOC is 
increased in primary aldosteronism and may also be an indicator of a 
histologic variant of the aldosteronoma. On the basis of a large body of 
evidence showing parallelism between the 116- and 18-hydroxylase 
functions of the fasciculata zone, we have proposed that both enzymic 
functions are functionally related and may involve the same enzyme 
protein and catalytic site. According to this view, the secretion of 18- 
OH-DOC would have no special significance of its own but would be an 
obligatory consequence of the secretion of fasciculata zone corticoste- 
rone. 


The adrenal cortex secretes two groups of biologically active steroid 
hormones, the mineralocorticoids and glucocorticoids, and each increases 
blood pressure by a predominantly different mechanism. The action of 
the mineralocorticoids, aldosterone and 11-deoxycorticosterone (DOC),* 
is sodium-dependent in contrast to that of the glucocorticoids.! The 
mechanism of glucocorticoid hypertension, as seen, for example, in 
Cushing’s syndrome due to excessive cortisol secretion or after large dose 
steroid therapy, is less well understood, but appears to involve more of 
an effect of the steroid on the vasoconstrictor? than on the volume 
component of blood pressure regulation.? The ability of glucocorticoids 
to increase the synthesis of renin substrate may be another hypertensive 
mechanism. 

Is there an adrenocortical factor in low renin hypertension? The 
hypertensive syndromes, summarized in Table I, in which adrenocortical 


hormones have a clearly demonstrated etiologic role, together represent 


* Accepted trivial names of steroids have been used or defined in the text. Compound B 
is corticosterone, compound S is 11-deoxycortisol. Tetrahydro derivatives refer to the 
3a-hydroxy-50-pregnane configuration. 
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only a small fraction of the hypertension problem. 
Several lines of indirect evidence have suggested the 
participation of the adrenal cortex in a larger fraction 
of the hypertensive population. The 1 percent preva- 
lence rate of adrenocortical hyperplasia in hypertensive 
patients seen at autopsy? is appreciable in view of the 
prevalence of hypertension. Low plasma renin activity 
is found in primary aldosteronism and in approxi- 
mately 20 to 30 percent of patients with benign essential 
hypertension?-!! without evidence of overproduction 
of known mineralocorticoids. The ability of adrenal 
inhibitors or antagonists to lower blood pressure in 
patients with low renin hypertension has been cited!?.? 
as evidence for the secretion of unknown adrenal fac- 
tors. 

Thus, certain analogies can be drawn between the 
syndromes of mineralocorticoid excess and low renin 
hypertension, especially if the latter is defined opera- 
tionally in terms of the sensitivity of blood pressure 
reduction to volume depletion. But an analogy between 
the two syndromes does not establish a common 
mechanism. If the blood pressure is especially vol- 
ume-sensitive in the low renin group, any measure that 
acts on the components of the homeostatic chain that 
maintain intravascular volume, such as the adrenal 
cortex, the kidney and sodium balance, would affect 
blood pressure. Thus, reduction of blood pressure by 
steroid antagonists or inhibitors in patients with low 
renin hypertension does not constitute evidence for the 
operation of another adrenal factor because these agents 
need only act on the normal components of sodium 
homeostasis to exert a beneficial effect. Proof of the 
existence of another adrenocortical steroid mechanism 
must rest on the demonstration of the presence of a 
biologically active substance and the administration of 
that substance to reproduce the effect. 

18-Hydroxy-11-deoxycorticosterone (18-OH- 
DOC): This is one of the steroids suggested to have a 
role in experimental and human hypertension. Interest 
in this steroid appears initially to have been prompted 
by its structural resemblance to aldosterone and 18- 
hydroxycorticosterone. It was first identified in adrenal 
incubates by Kahn et al.,!4 synthesized by Pappo!? and 
identified as a major corticosteroid in the rat adrenal 
gland by Birmingham and Ward! and Péron.! In the 
rat, 18-OH-DOC arises from the fasciculata zone of the 
adrenal cortex!9/? and is adrenocorticotropic hor- 
mone-(ACTH)-dependent.”° In man, 18-OH-DOC is 
much less abundant, and the normal rate of secretion 
of approximately 100 ug/day is also stimulated by 
ACTH.21!.22 18-OH-DOC is not an important precursor 
of aldosterone?’ since it arises in a zone that lacks the 
terminal oxidase mechanism for aldosterone synthesis. 
As will be discussed, its very low biologic activity ap- 
pears to preclude an important biologic effect. Thus it 
is not entirely clear why 18-OH-DOC has been singled 
out from among all the secretory and metabolic prod- 
ucts of the adrenal cortex and steroid-producing organs 
for extensive investigation. We will attempt in this 
paper to evaluate critically the role of 18-OH-DOC and 
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TABLE | 
Adrenocortical Hypertensive Syndromes 





Aldosterone excess 4 
Primary aldosteronism due to adenoma i 
Idiopathic hyperaldosteronism due to bilateral hyperplasia 
Dexamethasone-suppressible hyperaldosteronism E 

DOC (11-deoxycorticosterone) excess 3 
17a-hydroxylase defect i 
118-hydroxylase defect 1 
Ectopic ACTH syndrome 3 

Glucocorticoid excess 
Cushing's syndrome (cortisol excess) 


the evidence for its participation in experimental and 
human hypertension. 


Biologic Activity of 18-OH-DOC 


Sodium-retaining activity: Reliable data on the so- 
dium-retaining activity of 18-OH-DOC has been availa 
since 1962, when Kagawa and Pappo”! found 8 percent of the 
sodium-retaining activity of 11- deoxycorticosterone (DOC) 
in the adrenalectomized rat. If DOC is considered to have : 
percent of the activity of aldosterone,?? these data would t 
in agreement with more recent work, using rat kidney c 
plasmic mineralocorticoid receptors, in which Feldman i 
Funder26 found that aldosterone had approximately 70 times 
the binding affinity of 18-OH-DOC. Birmingham et al.?’ re 
ported that only one dose yielded sodium-retaining potes 
equal to that of deoxycorticosterone acetate (DOCA) in th 
adrenalectomized rat. The statistically more significant result 
was the effect on sodium/potassium ratio, where the potency 
was 25 percent that of DOCA, a result similar to that obtained 
by Gotshall and Davis?? in the adrenalectomized dog. In both 
species the effect on sodium retention was somewhat greate 
than on potassium excretion. The effect of 18-OH-DOC on 
sodium transport as measured by the short-circuit current in 
the toad urinary bladder?? was one fifth that of DOCA. _ 

Glucocorticoid activity: Although there appears to be nc 
data on the effect of 18-OH-DOC in the hepatic glycogen de- 

w 
position assay, other evidence from receptor binding affini 
studies indicates that its glucocorticoid activity is also quite 
low. Feldman and Funder?? found less than 1 percent of th 
binding affinity of corticosterone to rat kidney Elucocord 
receptors, and Ballard (Ballard PL, unpublished data) founc 
less than 0.5 percent of the binding affinity of cortisol in the 
rat hepatoma and human fetal lung glucocorticoid recept 
In another measure of glucocorticoid activity, the ability tc 
suppress ACTH, 18-OH-DOC was inactive.” | 

Other possible steroid hypertensive mechanisms: L 
though it is generally assumed that steroids exert a hyper: 
tensive effect in relation to their activity as either mineralo: 
corticoids or glucocorticoids, pressor effects not proportiona 
to these activities may be possible. In a preliminary report,’ 
pharmacologic doses of 18-OH-DOC increased blood pressure 
without producing hypokalemia. In rats sensitized by uni 
lateral nephrectomy and saline treatment, hypertension wa: 
produced after several weeks at doses of 2 mg?? and 10 mg, 
kg,?? doses that in man would be equivalent to 1,000 to 5, 006 
times the normal rate of secretion. 

Australian investigators***° have described an interesting 
experimental model in which sheep rapidly become hyper: 
tensive when given ACTH. The mechanism is not mineralo: 
corticoid in the usual sense because the hypertension develop: 
within 24 hours and occurs without change in external sodium 
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alance or body weight. In addition, sheep do not have the 
syndrome of mineralocorticoid hypertension when given so- 
lium-retaining steroids. The hypertensive effect of ACTH 
could not be reproduced by reinfusing known components of 
the adrenal venous effluent singly or in combination. The 
hypertensive mechanism is unclear but was presumed to result 
from the stimulated secretion of an unknown adrenocortical 
factor. A recent preliminary report*® indicates that this factor 
is 17a,20a-dihydroxy-4-pregnene-3-one. Certain childhood 
hypertensive syndromes resemble this model in that ACTH 
lso produces a rapid pressor effect.?7.?? 
. Possible synergistic effects: Dale and Melby?? reported 
he metabolism of 18-OH-DOC to a 16a-hydroxy derivative 
1 vitro in the adrenal tissue from two hypertensive subjects. 
lata are insufficient to permit any conclusion about the un- 
queness of this pathway in hypertension, but these authors? 
'eport that a 100 to 200-fold molar excess of this metabolite 
mhances the activity of aldosterone in the adrenalectomized 
rat bioassay. There has been no systematic examination of the 
ability of large excesses of other steroids to alter the in vitro 
r in vivo potency of mineralocorticoids, so that it is difficult 
to evaluate the specificity or relevance of this observation. In 
any case, it is unlikely that the 100-fold excess of 18-OH-DOC 
netabolite relative to aldosterone would be achieved in man 
n whom both steroids are secreted at approximately the same 
te. In a recent examination of possible allosteric or cooper- 
ative effects of 16a,18-dihydroxy-DOC on aldosterone binding 
» cytosol mineralocorticoid receptors, no effect was 
ound.1! 
- In the experimental model of ACTH-induced hypertension 
n sheep referred to earlier,?*2^ infusion of the known com- 
»onents of the adrenocortical effluent did not reproduce the 
E onis: but when 18-OH-DOC was added at an infusion 
'ate of 100 ug/hour for 5 days there was a significant increase 
| blood pressure. However, the amount of 18-OH-DOC ad- 
inistered per hour for one sheep equaled the 24 hour secre- 
'y rate of the steroid in man. 


























Secretion of 18-OH-DOC in Experimental 
Hypertension 
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- There has been considerable interest in implicating 18- 
)H-DOC in experimental hypertension in the rat. In evalu- 
ting these efforts it would be well to recall that the rat is 
iormally subjected to very high levels of this steroid, some- 
mes even exceeding the level of corticosterone, the major 
B scorticoid in that species.*? In addition, 18-OH-DOC in 
at plasma is largely unbound to corticosteroid binding 
obulin (Varsano-Aharon N and Ulick S, unpublished data) 
o that the steroid is free to exert whatever biologic effect it 
; capable of. Thus the normotensive rat, serving as its own 
loassay, provides evidence against a hypertensive effect by 
he relatively large concentrations of 18-OH-DOC to which 
is tissues are constantly exposed. 

 Salt-susceptible hypertension: Rapp and Dahl*? made 
he interesting observation that when Sprague-Dawley rats 
rere bred for sensitivity and resistance to salt-induced hy- 
ertension, two genetic phenotypes were separated, with 
ifferent 18-OH-DOC/corticosterone secretory ratios. The 
ilt-sensitive animals have the higher ratio, which is also 
und in spontaneously hypertensive rats and normotensive 
l'istar rats and must therefore be considered normal. It is the 
w ratio in the resistant animals that is abnormal. Other ge- 
etic loci may account for the increased blood pressure in the 
ut-sensitive group.*4 In addition, the failure of 18-OH-DOC 
‘cretion to suppress in the presence of a large salt intake 
light tend to augment its hypertensive potency. Although 
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these genetic differences in 18-OH-DOC secretion do not di- 
rectly establish an etiologic role for the steroid in this form of 
experimental hypertension, some interesting implications 
regarding the mechanism of 18-OH-DOC and corticosterone 
synthesis were revealed, which will be discussed below. Salt- 
sensitive and resistant rats show other important differences 
in addition to their adrenal phenotype, and their kidneys 
differ in renal papillary plasma flow and the ability to secrete 
antihypertensive factors.*° Salt-resistant rats show increased 
amounts of a colloid-like deposit in their pituitary glands.46 

Spontaneously hypertensive rat: Adrenocortical factors 
in the spontaneously hypertensive rat” were suggested by 
increased pituitary and adrenal weight in the face of low 
plasma renin activity and the prevention of hypertension with 
the removal of these organs. Baer et al.48 found that adre- 
nalectomy delayed but did not prevent the development of 
hypertension. Moll et al.49 found lower adrenal vein concen- 
trations of 18-OH-DOC and other known steroids in sponta- 
neously hypertensive rats than in control rats. Peripheral 
levels of aldosterone are also decreased?? if stress-induced 
pituitary stimulation is avoided. Thus the suppression of the 
renin-angiotensin aldosterone system in the spontaneously 
hypertensive rat is not associated with any demonstrable 
steroid abnormality. 

Adrenal regeneration hypertension: In 1955, Skelton?! 
noted the development of hypertension in an incompletely 
adrenalectomized rat in which one adrenal gland had regen- 
erated from a capsular remnant. Since then, hypertension 
induced by adrenal regeneration has been an actively inves- 
tigated experimental model. The standard preparation in- 
volves unilateral adrenonephrectomy and removal of the 
medulla from the remaining adrenal gland. When given a so- 
lution of 1 percent saline, this sensitized animal becomes hy- 
pertensive after 3 to 4 weeks while the adrenal gland regen- 
erates. Secretion of an adrenal hypertensive factor during 
regeneration is suggested by the prevention of the hyperten- 
sion by steroid inhibitors or antagonists or by the suppression 
of pituitary ACTH.??^ During the week after enucleation 
there is marked sodium retention that appears to be pituitary- 
and adrenal-dependent, although it occurs at a time when the 
production of known steroids is very low. Gaunt et al.55.55 have 
emphasized the strategic importance of this period of sodium 
retention in relation to the subsequent development of hy- 
pertension. 

Initial interest in the possible participation of 18-OH-DOC 
in adrenal regeneration hypertension came from in vitro 
studies that, although they showed low production of 18- 
OH-DOC, focused on a somewhat greater than normal re- 
sponse of both 18-OH-DOC and corticosterone to ACTH.?7 
It is not clear how this observation would argue for unique 
participation of 18-OH-DOC in this form of experimental 
hypertension. The more relevant in vivo measurements? did 
not show increased peripheral levels of 18-OH-DOC at 4 
weeks. Grekin et al. found that the initially low 18-OH-DOC 
and corticosterone secretions did recover to normal or elevated 
levels by 6 weeks after enucleation, well after hypertension 
had already been established. Thus there is no evidence for 
participation of 18-OH-DOC either before or during the de- 
velopment of adrenal regeneration hypertension. 

A more likely steroid factor is 11-deoxycorticosterone 
(DOC), which has the potency to exert a significant biologic 
effect and is increased early in the regeneration process.59-61 
The mechanism of its increase is apparently a delay in the 
recovery of the 118-hydroxylase system relative to that of 
cholesterol side-chain cleavage.?! Although DOC levels are 
increased in adrenal regeneration hypertension, a biologically 
significant elevation has not been established. Rapp? also 
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reported that rats with adrenal regeneration hypertension, 
unlike those with DOCA hypertension, were not hypokalemic. 
Another rather strong argument against the view that excess 
DOC causes adrenal regeneration hypertension comes from 
observations by Hall et al.,9? who found that Long-Evans rats, 
which are refractory to the development of DOCA-induced 
hypertension, are nevertheless highly susceptible to adrenal 
regeneration hypertension. 

Despite much work on the steroid pattern of the regener- 
ating adrenal gland in this interesting model, the mechanism 
of hypertension remains undefined. Nonsteroid mechanisms 
might also play a role; for example, there is the pressor effect 
of prolonged stimulation by the renin-angiotensin system it- 
self secondary to the reduction in functional adrenocortical 
mass during regeneration. Angiotensin II might be a pressor 
agent under these circumstances despite the hypoadrenal 
state, particularly in a sensitized animal. 


Estimates of Secretion of 18-OH-DOC in 
Hypertensive Patients 


Melby et al.?! reported that the mean excretion of urinary 
tetrahydro 18-OH-DOC in 30 patients with low renin hyper- 
tension was 38.4 ug/day or approximately twice normal. In a 
recent expansion of their series to 67 patients,*? the incidence 
of elevated excretion of the metabolite was 5 to 10 percent. An 
examination of their values for urinary tetrahydro-18-OH- 
DOC reveals a discontinuous or bimodal distribution, 
suggesting the existence of at least two populations of low 
renin hypertensive patients, with normal values in one and 
elevated values in another. Of the 10 patients with elevated 
values whose clinical features are presented in some detail,?! 
6 proved to have some form of abnormal adrenal histologic 
feature such as nodular hyperplasia, bilateral hyperplasia or 
adenoma. This finding suggests that elevated tetrahydro- 
18-OH-DOC might be more prevalent in a definable sub- 
population of the low renin group with abnormal adrenal 
histologic features but lower in a general unselected low renin 
hypertensive population and, as such, might have greater 
significance as an indicator of a subgroup than as an etiologic 
factor in low renin hypertension. 

Nowaczynski et al.5? report a much higher incidence rate 
(60 percent) of increased secretion of 18-OH-DOC in hyper- 
tensive patients, including those with normal as well as low 
plasma renin activity. The magnitude of the elevation was also 
much greater, with mean secretory values of 600 and 1,800 
ug/day in patients with normal and low renin hypertension, 
respectively.94 Williams et al. measured plasma concen- 
trations of 18-OH-DOC by radioimmunoassay and found no 
significant difference between patients with low or normal 
renin hypertension and normal subjects consuming a low salt 
diet. An interesting feature of their report was a fourfold in- 
crease in plasma 18-OH-DOC in response to a low sodium diet, 
apparently reflecting their ability to detect and measure the 
small glomerulosa zone contribution of 18-OH-DOC. These 
authors® did find small but apparently significant increases 
above normal in the plasma levels of 18-OH-DOC in patients 
with normal renin hypertension but not in the low renin group 
having large salt intake. 

Although the data of Melby and Dale*? and Williams et al.°° 
differ from our data in the incidence or existence of overpro- 
duction of 18-OH-DOC in the hypertensive renin subgroups, 
the magnitude of overproduction claimed was generally only 
twofold. Their normal plasma concentrations$?66 are in 
keeping with our values for the secretory range, assuming the 
metabolic clearance rate?! of a steroid that circulates largely 
unbound to plasma proteins.9? An explanation of the 6- to 
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18-fold increases reported by Messerli et al.54 is not apparent, 3 
but it would seem unlikely that all groups are measuring the 1 
same substance. E 
Problems in the chemical estimation of 18-OH-DOC: | 
Although the double isotopic secretory rate method is capable — 
of great precision in that it corrects for variations in metabo- — 
lism as well as losses in the chemical procedure," its validity | 
rests on the purity of the tracer and the achievement of con- - 
stant specific activity of the measured metabolite. In addition, - 
the estimation of 18-OH-DOC does present special problems ` 
because of a unique chemical property, the tendency first | 
noted by Dominguez? to exist in variable amounts of more - 
and less polar chromatographically separable forms. This . 
property has recently been shown to be due to reaction with | 
alcoholic solvents catalyzed by traces of acidic impurities to i 
form ketal derivatives.6? Thus the two forms of 18-OH-DOC | 
would not be encountered in vivo but are artifactually formed — 4 
in the course of analysis. If the tracer of 18-OH-DOC were in © 
this ketal form, the double isotopic secretory rate method — 
would tend to overestimate the result. Methods to assure n 
purity of 18-OH-DOC and its metabolites and to preventi 
formation of ketal derivatives have been described.9? 


Methods 


In vitro studies: Slices of an adenoma from a proved case | 
of Conn's syndrome (aldosteronoma) were incubated with ; 
14C-progesterone over a range of substrate concentration in . 
Krebs Ringer's tris buffer, pH 7.4 along with nicotinamide © 
adenide dinucleotide phosphate (NADPH). Adjacent adrenal - 
cortex, incubated in the same way, served as a control. Ste- 
roidal products were analyzed and quantitated by addinga 
3H-labeled steroids to the incubate extract and purifying - 
chromatographically to a constant °H/!4C ratio. i 

Secretory and excretory rates: 18-OH-DOC was labeled 
by catalytic exchange and purified chromatographically as 
described.69 The specific activity of the product was 0. 9. 
mCi/umol. The labeled steroid was stored in alcohol distilled | 
from sodium hydroxide or alcohol containing 0.1 percent tri- | 
ethylamine. The absence of the 20-ketal derivative, the less - 
polar form of 18-OH-DOC, was verified as described.9? The. 
3a,58-tetrahydro derivative of 18-OH-DOC was prepared by 
a general method of enzymatic reduction.” 

The 30 patients were studied at the Veterans Administra- | 
tion Hospital except as indicated (see Tables III and IV). 

Secretory rates were determined after the injection of 5 „Ci 
of ?H-18-OH-DOC. The 24 hour urine specimen collected after. 





ii 


aid VE CFR n 30d 


a Ai d ae 


TABLE II 


Chromatographic Purification of Etiolactone Derivative of — 
Tetrahydro 18-OH-DOC 3 








Mobility — 
Relative 
Reference to | 
Chromatographic System Steroid Reference- 
1. Toluene:methylcyclohexane Androstenedione 1:2 
(5:1)/formamide. 
Acetylate with '*C-acetic anhydride. 
2. Heptane/formamide to edge. Progesterone 1.2 
3. Repeat 2. 
4. Silica gel thin layer:dichloro- Progesterone 1.8 
ethane/methanol (99:1). 
5. Alumina thin layer:toluene. Progesterone 1.4 
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All metabolites and derivatives were located for elution by radio- 
active scanning. 
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he injection contained at least 70 percent of the radioactivity described criteria.7? If the tritium/!4C ratios between chro- 


and was used for isolation of the metabolite. In both proce- matograms 4 and 5 were greater than 10 percent, then the last 
lures direct periodate oxidation of urinary glucuronides to two steps were repeated. 

1e etiolactones was carried out as described for the tetrahydro 
metabolites of aldosterone and 18-hydroxycorticosterone.' 7? . Results NOT 
The etiolactone of tetrahydro-18-OH-DOC was isolated and Regulation of 18-OH-DOC secretion in normal 
purified by the sequence shown in Table II. Constant specific and hypertensive subjects: Table III compares the 
activity was achieved in all determinations according to the secretion of 18-OH-DOC with that of cortisol and the 
TABLE Hl 


Response of the Secretion of 18-OH-DOC and Other Corticosteroids to Selective Stimulation and 
Suppression by ACTH and the Renin-Angiotensin System (21 subjects)* 


E 
E Corticosteroid Secretory Rates 
. Case Diagnosis/ 18-OH-DOC Aldosterone 18-OH-B Cortisol 
E no. Conditions (ug) (ug) (ug) (mg) 
p RSS ACITIR ^ aU MEER NEE PIANI CETERO al eM E C RET CM DRE ey oe 
E Normal Subjects 
ja Control 90 140 340 15.1 
E: Dexamethasone 44 110 250 3.8 

2a Control 105 105 300 13.6 
2b Dexamethasone 35 85 210 2.1 

3a Control 60 91 220 12.2 
3b ACTH 555 206 455 81.5 
4a Control 124 130 350 16.2 
4b ACTH 1436 225 740 145 d 
Normal 95 + 24 117+ 25 260 + 46 15.12.1712 
. values 
va 





Subjects With Pituitary Disorders 





ub Hypopituitarism 32 105 210 


Dexamethasone-Suppressible Hyperaldosteronism 


1.9 

6 Hypopituitarism 25 75 155 1.4 
m Cushing's syndrome 180 80 210 43.5 
E Hyperaldosteronism Secondary to Sodium Depletion or Edema Formation 
Normal Na depleted 120 380 720 
8b Normal Na repleted 110 55 155 

c Hepatic cirrhosis 96 500 775 
E: Idiopathic Hyperaldosteronism' | 
M —————— 9 — —————————— 
1 ate 82 295 870 wis 
114 IR 18.5 112 275 oy 





121 x 39 64 143 


m Advanced Hypertension With Secondary Hyperaldosteronism 





13 oe 47 409 

14 A M 58 208 ake vm 
15 jit 65 335 810 s) 
16 A 102 363 k> es 
F Low Renin Spironolactone-Responsive Hypertension 

17 b 86 131 

s TT 90 117 

1! ea 92 42 

20 Fo 95 114 

21 Mea 129 179 





p 
- * ACTH gel, 20 units every 6 hours, and dexamethasone, 0.5 mg every 6 hours, were each administered for 2 days, and steroid secretory rates 
ere determined on the second day. 
The diagnosis of idiopathic hyperaldosteronism in Case 10 was confirmed at surgery and in Case 11 it was determined by bilateral adrenal | 
Min catheterization. " 
€ The steroid values in Cases 11 and 12 are the excretory rates of the major urinary tetrahydro metabolites. These specimens were kindly 
nace available by Dr. Maria New. 
Low renin hypertensive patients from the Mount Sinai Hypertension Clinic, New York, N.Y., were kindly made available for study by 
5 Lawrence Krakoff and Milton Mendlowitz. Patients were classified on the basis of plasma renin activity and urinary sodium levels by 
&rakoff according to Laragh's criteria. 
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glomerulosa zone steroids aldosterone and 18-hydrox- 
ycorticosterone under conditions of selective stimula- 
tion of ACTH or the renin-angiotensin system. In re- 
sponse to stimulation or suppression of ACTH, the se- 
cretion rates of 18-OH-DOC and cortisol paralleled each 
other, whereas the changes in aldosterone and 18-hy- 
droxycorticosterone were of much smaller magnitude. 
In contrast, the selective stimulation of the glomerulosa 
zone associated with the hyperaldosteronism of sodium 
depletion, edema formation and the renal involvement 
of advanced hypertensive disease evoked proportional 
increases in aldosterone and 18-hydroxycorticosterone 
but no significant change in 18-OH-DOC. In addition, 
18-OH-DOC was not increased in idiopathic- and 
dexamethasone-suppressible hyperaldosteronism, 
whereas 18-hydroxycorticosterone and aldosterone were 
increased proportionately. Small increases in 18-OH- 
DOC were observed in primary aldosteronism, as de- 
scribed later. In a small series of consecutive patients 
with low renin spironolactone-responsive essential hy- 
pertension, the secretion of 18-OH-DOC was entirely 
within the normal range. 

18-OH-DOC in adrenal biosynthetic defects: The 
steroid pattern was determined in two adrenal biosyn- 
thetic defects to provide some insight into the mecha- 
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3 
creased production of 18-OH-DOC and 18- hydroxy d 


corticosterone, both of which were suppressed when 
dexamethasone was administered. i 


1 
Steroid Pattern in Primary Aldosteronism | | 


In vitro: Table V presents results of exhaustive 
analysis of the incubation products of a typical aldost- 
eronoma (Case 2, Table VI). When the products of the 
tumor were compared with those from the adjacent 
adrenal cortex as a control, the most striking differences, 
as expected, were increased formation of aldosterone 
and 18-hydroxycorticosterone by the tumor. The ade- 
noma also synthesized 1.6 to 1.8 times more of the po- - 
tential aldosterone precursors 118-OH- progesterone, 
DOC and corticosterone than the adjacent adrenal 
cortex. Although this finding could be ascribed to gen- - i 
erally greater biosynthetic activity by the adenoma, it 
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TABLE IV 


Steroid Patterns in Three Cases of Adrenal Biosynthetic 
Defect 


K | 
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Urinary Excretion of Tetrahydro Metabolites ofa 





nism of secretion of 18-OH-DOC (Table IV). The pro- iios. tug/day! 
duction of 18-OH-DOC was greatly increased in the Case ylase Compound 18-OH- Aldo- 
17a-hydroxylase defect but was virtually undetectable no. Defect Bors DOC DOC  sterone 18-OH- B. 
in the 118-hydroxylase defect. Excessive stimulation by 

1* 116  (THS) 12200 338 «3 09 0.2 08 
endogenous ACTH in the untreated state was reflected 2* s (THS) 9,700 178 22 18 19 
by overproduction of DOC in all patients and increased Sat 17a- (THB) 25000 244 1100 <4 590 .— 


excretion of the metabolites of either corticosterone or 
11-deoxycortisol (compound S). Thus the patients with 
the 118-hydroxylase defect differed from the 21 subjects 
whose data are shown in Table III in that their 18- 
OH-DOC production did not respond to ACTH. The 





3b — 17ei " 14 49 046 179 


*Dr. Jordan Finklestein kindly provided specimens. from the 
brother (Case 1) and sister (Case 2) with the 118-hydroxylase po 
fect. : 

tDr. Edward M. Biglieri kindly provided specimens from his pa- 
tient (Case 3) with the 17a-hydroxylase defect. 




















patient with the 17a-hydroxylase defect showed in- t (with dexamethasone). 3 
E 
| 
; 

TABLE V s 

Steroids Synthesized From Progesterone by Tissue Slices of an Aldosterone-Producing Adenoma D 

Compared with Findings in Adjacent Adrenal Cortex * 4 
val 

Precursor (ug/g tissue) M 
Products (ug/g tissue) 3 

Progesterone E 

| 118-OH-Pro- Cortico- Aldo- Totalt | 

Incubated Unreacted gesterone DOC 18-OH-DOC sterone 18-OH-B sterone Cortisol LM 

Aldosterone-Producing Adenoma $ 

175 2.3 1.7 3.2 10.4 91.0 19.1 9.3 26.3 94 . 

210 9.1 3.5 23.6 16.0 101 19.5 10.6 32.4 103 3 
350 22.7 10.9 87.5 21.4 138 21.0 12.6 47.2 103 

1050 320 39.0 342 41.0 225 28 13.6 85.0 104 . 

Adjacent Adrenal Cortex (Control) $ 

210 30.5 2.0 13.3 4.8 63 0.90 0.061 54.5 80 . 

Adenoma/Control Product Ratio 3 

210 1.7 1.8 3.3 1.6 21 152 0.60 £ 





* Case 2, Table VI. 
t Products plus unreacted progesterone as percent incubated progesterone. 
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18-OH- Aldo- 
DOC sterone 
Subjects (ug/day) (ug/day) 
Patients with 
primary aldosteronism 
1a 190 1100 
1b 230 SR 
65 105 825 
| 1d* 150 g^ i 
2 330 495 
4 normal subjects! 95 * 22 No- 
4 normal subjects! 34 * 6.8 


t Mean values * standard deviation. 
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“was of interest that the production of 18-OH-DOC by 
Ene tumor tissue was even greater or 3.3 times that of the 
_ control. Another point of interest was the ability of the 
- aldosteronoma to synthesize appreciable amounts of 
cortisol. Although the tumor secreted 40 percent less 
cortisol than the normal adrenal cortex, this amount is 
much greater than that expected from the normal 
- glomerulosa zone. Thus the steroid pattern in the ade- 
noma differed from the normal glomerulosa zone in that 
_the adenoma synthesized more 18-OH-DOC and cor- 
-tisol. 
_ In vivo: Efforts to confirm this finding in vivo in the 
same patient preoperatively are shown in Table VI 
(Case 2), where significantly increased secretion of both 
. 18-OH-DOC and cortisol were found. Confirmation of 
this observation and delineation of the component se- 
-ereted by the tumor was sought in Patient 1. Her se- 
cretion of 18-OH-DOC was increased approximately 
i twofold and failed to suppress to expected levels with 
‘dexamethasone as it would if it arose from the normal 
fasciculata zone. Cortisol and corticosterone also failed 
to suppress normally with dexamethasone, thereby 
suggesting that this suppression test might be useful in 
-defining the overproduction of these steroids by ade- 
nomas. 
_ Aldosteronism due to adenoma versus hyper- 
plasia: In primary aldosteronism due to an adenoma, 
there was a small but significant i increase in the secre- 
tion of 18-OH-DOC both in vitro and in vivo. In one 
patient there was additional evidence for increased se- 
cretion of 18-OH-DOC by the tumor in the form of in- 
complete suppressibility of 18-OH-DOC secretion by 
dexamethasone. In contrast, two patients with idio- 
pathic hyperaldosteronism due to bilateral hyperplasia 
(Cases 10 and 11, Table III) secreted normal amounts 
of 18-OH-DOC. "These observations suggest the po- 
Rential usefulness of measurements of 18-OH-DOC in 
the differential diagnosis of these two disorders, but 
‘studies in more patients are required. 


Discussion 


. Role of 18-OH-DOC in hypertension: Two ques- 
tions can be raised concerning the role of 18-OH-DOC 
in both experimental and human hypertension: (1) Is 
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Corticosteroid Secretory Rates 


Cortico- 
18-OH-B Cortisol sterone 
(ug/day) (mg/day) (ug/day) 

2400 15.2 3890 
LA 5.8 960 
25.1 ae 
25.13 2.527 3850 + 507 
2.50 + 0.95 440 + 45 


_ * Dexamethasone, 2 mg/day, was administered for 2 days, and steroid suppression was determined on the second day. 


there a significant increase in its secretion rate or plasma 
level, and (2) if there is such an elevation, can the hy- 
pertension be attributed to it? In the case of the three 
forms of experimental hypertension in the rat, there was 
no evidence of a relevant increase in the secretion of the 
steroid. In low renin hypertension in man, there appears’ 
to be no reason to doubt the existence of some patients 
with small but significant increases in the secretion of 
18-OH-DOC, but the true incidence in an otherwise 
unselected low renin hypertensive population is prob- 
ably much less than previously estimated.?! We found 
no examples in a small series of patients with low renin 
spironolactone-responsive hypertension. In view of the 
unique methodologic problems in the measurement of 
18-OH-DOC, it would be reassuring to see repeated 
studies in even one patient to document increased 18- 
OH-DOC secretion or metabolite excretion in order to 
exclude random measurement error or transient stim- 
ulation by endogenous ACTH of a steroid whose pool 
is not buffered by a large protein-bound reservoir. 

In view of the large incidence of adrenal histologic 
abnormalities in patients with increased production of 
18-OH-DOC reported by Melby et al.,?! as well as our 
own data indicating subtle differences between the se- 
cretory pattern of adenomas and the normal adrenal 
cortex, it would seem that efforts to confirm and de- 
lineate the abnormality in a small number of patients 
would better advance the problem than single mea- 
surement surveys of the incidence of overproduction. © 

Concerning whether hypertension in either the rat 
or man can be attributed to 18-OH-DOC even if in- 
creased secretion is documented, the data on the bio- 
logic activity are clear. At best the activity of 18-OH- 
DOC as a mineralocorticoid is much less than that of 
DOC. Even if one assumed that 18-OH-DOC and DOC 
were equipotent, the reported twofold mean increased 
excretion?! could not have any biologic significance 
because more than a 25-fold increase in the level of 
18-OH-DOC would be required to produce a twofold 
elevation in aldosterone biologic equivalents. 


Significance of the Secretion of 18-OH-DOC 


Deficient 18-hydroxylation in the 116-hydrox- 
ylase defect: The very low production rates of 18- 
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OH-DOC in untreated patients with the 118-hydrox- 
ylase defect was surprising in view of the marked 
stimulation of the steroid normally observed in response 
to ACTH. This observation that 18-hydroxylation as 
well as 118-hydroxylation of DOC was impaired ap- 
peared to imply that there were two defects in this hy- 
pertensive form of virilizing congenital adrenal hyper- 
plasia. However, to propose two enzymatic defects in 
an inborn error considered to be the result of a single 
gene mutation would not be in keeping with the one 
gene, one enzyme concept.’? On the basis of these 
findings in the 118-hydroxylase defect as well as other 
data to be summarized later showing a remarkable 
parallelism between the 18- and 116-hydroxylation 
functions of the fasciculata zone, we have suggested that 
both activities might reside in the same enzyme pro- 
tein.* 

Evidence from the rat adrenal mitochondrial 
118-hydroxylase system: Studies using the rat adrenal 
fasciculata zone model show that both 118- and 18- 
hydroxylase activities are localized in the heavy mito- 
chondria.^ Both are mixed-function oxidases with 
common cofactor requirements, /^-7? including the same 
cytochrome P-450.7289 Both activities show similar 
patterns of stimulation by cyclic adenosine mono- 
phosphate (AMP)?! and calcium? and of inhibition by 
carbon monoxide’* and metyrapone. All efforts to 
purify the mitochondrial 118-hydroxylase have shown 
proportional retention of 18-hydroxylase activity.?4- 
78 


In vivo evidence for the parallelism of 118- and 
18-hydroxylases: In the adrenal regeneration that 
develops after adrenal enucleation in the rat, both 
corticosterone and 18-OH-DOC decrease in parallel in 
the early phase and recover together after hypertension 
develops.°® Parallelism between corticosterone and 
18-OH-DOC is also observed in man (Table IV). When 
118-hydroxylase activity is increased as in the 17a- 
hydroxylase defect, or after the administration of 
ACTH to normal persons, 18-OH-DOC is proportion- 
ally increased. When 116-hydroxylation is decreased, 
as in hypertensive congenital adrenal hyperplasia, 
18-OH-DOC is also decreased. 

Further evidence for the parallelism of the two hy- 
droxylases comes from the important work of Rapp and 
Dahl^?^4 on salt-resistant and salt-susceptible hyper- 
tensive rats cited earlier. These authors showed that the 
two enzymic functions are determined by a single ge- 
netic locus, but they interpret their data as evidence for 
the control of a mitochondrial structural protein by a 
single gene that in turn directs the synthesis of separate 
118- and 18-hydroxylases. The constant steroid ratio 
within each strain indicates that the relative activities 
of the two are fixed despite differences in the absolute 
secretory rate, thus supporting the view of a strong 
functional if not structural interrelation between the 
two activities. Rapp and Dahl's evidence also supports 
the hypothesis of a common enzyme and catalytic site 
determined by a single gene. In fact, only when a 


* Presented at the Searle Sixth Aldosterone Conference, Atlanta, 
Ga., June 1974. 
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mutation occurred and resulted in an 118- hydroxylase 
of presumably different structure, did the 18-O 
DOC/B ratio change. The mutational structural change 
in the enzyme might occur in its primary structure, but 
a recent. preliminary report®® suggests that the change 
resides in the cytochrome P-450 component of the 
mixed-function oxidase multienzyme system. 1 

The principal objection to the proposal that the fas- 
ciculata zone 118- and 18-hydroxylases might be the 
same is that the notion appears to be without precedent 
in mammalian or vertebrate systems. However, the 
possibility that an enzyme might catalyze hydroxylation 
at more than one position is suggested by studies of 
microbial steroid hydroxylases. Lin and Smith?^ in a 
kinetic analysis of an enzyme of microbial origin capable 
of hydroxylating three positions on the steroid nucleus 
have shown that although each hydroxylation reactio 
has a different velocity, all three had the same Michaelis 
constant, an unlikely coincidence unless the same en- 
zyme and catalytic site was involved. A 

In the case of the 118- and 18-hydroxylases, the maj 
substrate (DOC) is the same, and both positions are ^ 
the 8-surface of the steroid and spatially close. There. 
could be sufficient flexibility in the region of the cata- 
lytic site to accommodate two possible orientations of 
the substrate so that either the 118 or 18 position was 
activated or there could be two conformations of the 
enzyme. The more probable orientation of substrate and 
enzyme favors 118- hydroxylation since this is the more 
abundant product in all species studied. 

If a single hydroxylase activates either the 116 or the 
18 position, how does the doubly hydroxylated deriva- 
tive 18-hydroxycorticosterone arise? The proposal of 
the single hydroxylase of diminished specificity was 
made for the mitochondrial enzyme of the fasciculata 
zone, which is not the major site of synthesis of 18- 
hydroxycorticosterone. However, the fasciculata zonae 
does very likely secrete 18-hydroxycorticosterone in the 
17a-hydroxylase defect.?755 Of the two possible double 
hydroxylation sequences, 18-hydroxylation of cortico- 
sterone would appear to be a more likely mechanism 
than 118-hydroxylation of 18-OH-DOC, since the fas- 
ciculata zone synthesizes very little 18-hydroxycort- 
icosterone from early precursors!?56 but can convert. 
corticosterone to 18-hydroxycorticosterone.9? 

The suggestion that the fasciculata zone 18- andi 
118-hydroxylases might be the same enzyme is intended. 
as a working hypothesis to explain the significance of 
the secretion of 18-OH-DOC in man and other species. 
The hypothesis is amenable to testing and could be (1) 
disproved by achieving a separation of the two hy- 
droxylase activities, or (2) supported by finding the 
same Michaelis constant for both hydroxylases in the. 
rat mitochondria as was shown in microbial systems.9*. 
Rapp and Dahl*? did evaluate the enzyme kinetics for 
each hydroxylation but the variability in their double: 
reciprocal plots did not permit a conclusion about 
whether Michaelis constants for each hydroxylation 
were the same or significantly different. Whether or not. 
an 118-hydroxylase can be isolated devoid of 18-hy- 
droxylase activity, there remains a large body of data. 
indicating a functional interrelation and dependence 
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if the two enzyme activities and of the secretion of the 
wo products, 18-OH-DOC and corticosterone. Another 
corollary of the hypothesis that is amenable to testing 
s that the 18-OH-DOC/B secretory ratio should be 
elatively constant for steroids arising from the normal 
asciculata zone. Thus, all circumstances in man in 
vhich 18-OH-DOC is elevated should be accompanied 
oy a proportional i increase in corticosterone. If the ratio 
s not remain relatively constant, not only in the same 
ut also among different subjects, one might suspect 
Birerences i in the 118-hydroxylase system that might 
ither serve as genetic markers or suggest a cell of origin 
» histology other than that of the normal fasciculata 
rone. 
g Is hypokalemia an obligatory feature of the hy- 
)ermineralocorticoid state? After the administration 
Xf a mineralocorticoid, sodium retention occurs until 
xxtracellular and intravascular volume have expanded 
xo a certain critical point, after which the kidney “es- 
apes" from the sodium-retaining effects of the hor- 
1one.59? Increased delivery of sodium to distal tubular 
sodium/potassium exchange sites and augmented 
ransport under the influence of the hormone leads to 
mhanced kaluresis and hypokalemia. Although one 
night expect that this chain of events would lead to 
»roportional and predictable kaliuretic responses to a 
ziven dose of mineralocorticoid, the hypokalemic effect 
may be variable and is sometimes dissociated from the 
aypertensive effect. Thus, hypokalemia may be slight 
n mild cases of hyperaldosteronism,® particularly if the 
sodium intake is small. Another example of this disso- 
ciation is observed in the 118- hydroxylase defect of 
congenital adrenal hyperplasia 1 in the untreated state, 
in which hypertension is observed regularly whereas 
hypokalemia, although it does occur, is quite rare.?? A 
dissociation between hypertension and hypokalemia 1 in 
the opposite direction sometimes occurs in the ectopic 
ACTH syndrome, associated with overproduction of 
DOC along with other steroids in which hypokalemia 
may dominate the clinical findings more than the hy- 
pertension. 
_ An observation by Edelman’! suggests how other 
components of the steroid pattern could modify the 
Ed of the mineralocorticoid effect. In measure- 
ents of sodium transport, 11-deoxycortisol (compound 
3) was found to be a weak aldosterone agonist but a 
pe effective antagonist. Thus the 11-deoxy steroid, 


E 








y! 


which is secreted in such large amounts in patients with 
the 118-hydroxylase defect, is capable of antagonizing 
and moderating the mineralocorticoid effect of the ex- 
cessive DOC secreted. Other examples of dissociation 
between sodium-retaining and kaliuretic effects of 
mineralocorticoids have been cited.*' Nevertheless, the 
weight of evidence favors the view that a mineralocor- 


. ticoid mechanism that is sufficient to produce hyper- 


tension will also lead to potassium depletion. Thus, the 
normokalemia of the typical patient with low renin 
hypertension argues against the secretion of a miner- 
alocorticoid factor. 

Other possible adrenocortical mechanisms: An 
ambitious effort involving a search for a sodium-re- 
taining factor in the urine of patients with low renin 
hypertension has been reported to show increased 
amounts of biologically active material in such pa- 
tients.?? The suggested identity of the active substance 
as 168-hydroxydehydroepiandrosterone has not been . 
confirmed (Liddle GW, unpublished data), and oth- 
ers??94^ have been unable to demonstrate significant 
mineralocorticoid activity for the steroid. We have not 
found increased excretion of 16-oxygenated C-19 ste- 
roids in patients with low renin hypertension.?° 

There have been reports of hyporeninemic, hypo- 
kalemic hypertensive syndromes in which production 
of the known mineralocorticoids aldosterone and DOC 
was subnormal.?696* The patient we have had the op- 
portunity to study?" is a child whose clinical findings 
resembled those of primary aldosteronism with vol- 
ume-dependent hypertension and hypokalemic alka- 
losis but very little secretion of aldosterone and cortisol. 
A sodium-retaining factor found in her urine has not yet 
been identified. Although these cases are apparently 
rare, they appear to represent the pure form of an un- 
known adrenocorticoid-like mechanism and, as such, 
might be more appropriate models for the study of such 
factors in human hypertensive disease. 
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j 
In 18 hypertensive patients receiving a constant (100 mEq/day) sodium. 
diet, treatment with clonidine (0.3 mg/day for 5 days) decreased blood. 
pressure in 11 patients with high and normal renin levels and 7 with low 
renin levels. The high and normal renin group had early and rapid reduc- 
tions in blood pressure and plasma renin activity. In contrast, the low renin 
group had a more gradual hypotensive response and only a small absolute 
decrease in plasma renin. For all patients, pretreatment renin levels were 
related to the initial decrease in blood pressure but not to the reductions 
measured after 5 days. Thus, two mechanisms of action of clonidine are 
possible, one related to acute inhibition of the renin-angiotensin system 
in patients with high and normal renin levels and another that is inde- 
pendent of renin mechanisms and occurs in all hypertensive patients. In 
six additional patients with high renin levels induced by prior sodium de- 
pletion (10 mEq/day sodium diet), clonidine did not reduce blood pressure 
or renin, thus indicating that the suppressive action of this agent on renin | 
pressor mechanisms occurs only in patients whose elevated renin levels - 
are intrinsic to hypertension and unrelated to sodium depletion. 

Of the 18 patients receiving a normal sodium diet, 13 were classified | 
as responding to treatment (decrease in both systolic and diastolic 
pressures of at least 10 percent). The five nonresponders had a greater 
weight gain and higher values for aldosterone excretion. For all patients, - 
there was a significant correlation between decrements in blood pressure - 
and in aldosterone, suggesting that the countervailing effects of fluid - 
accumulation on blood pressure in nonresponding patients resulted from 
a failure of aldosterone to be suppressed. Changes in aldosterone, in turn, - 
correlated significantly with changes in renin. Thus, the antirenin effect 
of clonidine enhances its antihypertensive action not only by acutely 
ablating renin-angiotensin pressor mechanisms, but also by inhibiting - 
aldosterone production and thereby minimizing longer-term reactive 
volume retention during treatment. X 

; 
Treatment with clonidine effectively reduces blood pressure in a majority 
of hypertensive patients.!-? The agent acts principally within the central 
nervous system, where it exhibits a stimulatory effect on alpha adrenergic 
receptors.’ This, in turn, leads to reduced activity of the sympathetic 
nervous system and a decrease in blood pressure. 9 

Clonidine also decreases renal secretion of renin.9? The inhibition of 
renin release by certain other antihypertensive agents, including beta. 
adrenergic blocking drugs?? and methyldopa,!? has been held to con- 
tribute to the reduction of blood pressure. Thus, it is possible that the 
antihypertensive effectiveness of clonidine is dependent to some degree 
upon its suppressive action on renin. 

To evaluate the importance of hormonal factors in the action of dosi | 
nidine in man, we studied the effects of clonidine on plasma renin activity 
and aldosterone excretion in hospitalized hypertensive patients. The 
study was carried out in a metabolic ward while the patients were re- 
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k 
ceiving a constant intake of sodium and potassium so 
as to avoid diet-induced alterations in renin and aldo- 
'sterone mechanisms. 

- [n the sodium-depleted rat treated with diuretic 
agents, blood pressure is maintained to a significant 
degree by a compensatory rise in activity of the renin- 
angiotensin system; !:!? in these animals, clonidine in- 
duces a hypotensive response that is mediated by its 
‘renin-reducing action.!? To determine whether a com- 
‘parable mechanism exists in hypertensive man 
‘subjected to sodium depletion, a further group of pa- 
tients were treated with clonidine during a period of 
controlled dietary salt deprivation. 


d 
E. Methods 
—— Patients: Studies were performed in 24 hypertensive 
‘subjects, 13 men and 11 women aged 28 to 62 years (mean 44 
years), admitted to a metabolic ward. All patients gave in- 
| formed consent for the study and either had never been 
treated for hypertension or had discontinued all antihyper- 
tensive medication at least 4 weeks before admission. Diag- 
nostic evaluation before the study established that 20 patients 
had essential hypertension, 3 had renovascular hypertension 
- and 1 had hypertension related to chronic glomerulonephritis. 
In all cases, medical history, physical examination and labo- 
‘ratory screening had excluded intercurrent heart or liver 
disease or diabetes mellitus. With the exception of the one 
patient with chronic glomerulonephritis, whose blood urea 
“nitrogen was slightly increased (25 mg/dl), all patients had 
“normal renal function. 
— Study protocol: After admission to the metabolic ward, 
each patient was given a diet containing 100 mEq sodium/day 
- and a constant amount of potassium. After 6 days on this diet, 
18 patients were given a 5 day course of clonidine (Catapres®, 
Boehringer Ingelheim), 0.3 mg/day given in three oral doses 
-of 0.1 mg, while they continued the 100 mEq sodium diet. In 
the other six patients, sodium intake was reduced from 100 
-to 10 mEq/day after 6 days. After 6 more days of this low so- 
- dium diet, clonidine was administered in the previous manner 
for 5 days while the low sodium diet was continued. 

In each patient, daily values for blood pressure and pulse 
rate were determined as the average of four readings taken in 
the seated position at 4 hour intervals during the day. Patients 
were weighed at a constant time each morning. In the 18 pa- 
i tients who received a 100 mEq/day sodium diet throughout 


TABLE | 


j^ 


error of the mean) 


the study, plasma renin activity, measured at noontime in the 
ambulatory state, and urinary aldosterone excretion were 
measured during the day before the start of treatment with 
clonidine (control day), and similarly during the final day of 
treatment. In nine of these patients, these values were also 
measured during the Ist day of clonidine treatment: In the six 
patients subjected to sodium depletion, renin and aldosterone 
were measured on the last day of the 100 mEq/day sodium 
diet, on the last day of treatment with the low sodium diet 
alone, and on the final day of combined treatment with sodi- 
um depletion and clonidine. 

Techniques: Plasma renin activity!‘ and urinary aldoste- 
rone excretion!? were measured by radioimmunoassay. Met- 
abolic balance procedures and routine electrolyte determi- 
nations were performed as described previously.!9 

To facilitate analysis, each patient was classified into a high, 
normal or low renin category according to a nomogram relating 
renin values to concurrent daily sodium excretion.!? Because 
only three patients were in the high renin category, their data 
were included with those of the normal renin group. The 
Wilcoxon test for paired differences was used for statistical 
analysis within groups of patients, and the Wilcoxon test for 
nonpaired data for comparisons between groups. Regression 
analysis was performed by the Spearman method. Data are 
given as mean + standard error of the mean. 


Results 


Patients Receiving a Constant Sodium Diet 

Of the 18 patients who received a constant 100 
mEq/day sodium diet throughout the study, 11 were 
classified in the high and normal renin group (average 
age 40 years) and 7 in the low renin group (average age 
46 years). 

Blood pressure: The effects of clonidine, 0.3 mg/day, 
in the two renin groups are summarized in Table I. By 
the end of the 5 day treatment period, systolic and di- 
astolic blood pressures were significantly reduced in 
each group. However, although the ultimate effective- 
ness of clonidine in reducing blood pressure did not 
differ significantly in the two groups, the rate of re- 
duction did differ (Fig. 1). Thus, during the 1st day of 
treatment, the decrease in diastolic pressure of 14 + 2 
mm Hg (P «0.01) in the high and normal renin group 
was significantly greater (P <0.025) than the reduction 


Values Immediately Before and During Treatment With Clonidine (0.3 mg daily for 5 days) (mean + standard 
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hv. Plasma 

i Blood Pressure (mm Hg) Pulse Body Renin Urinary 
Rate Weight Activity Aldosterone 

H Systolic Diastolic (per min) (kg) (ng/ml per hour) (ug/24 hours) 

| 

E High and Normal Renin Group (no. = 11) 

| Before 183 € 11. 11757 78+4 69.9 * 4.1 79 * 2.3 21.3: 29 

- After 139 + 102 91+ 41 68 + 3t 70.3 + 4.1 3.0 + 0.91 13.0 + 2.1t 

; Low Renin Group (no. = 7) 

Before 169 + 11 11126 7TO t 3 74.0 * 6.3 0.8 + 0.2 16.7 * 3.5 
After 146+ 9# 93 + 6t 68 + 3* 74.5 * 6.2 0.5 + 0.1 10.6 + 2.7* 





*P <0.05, TP <0.025, ip <0.01 when compared with contro! value. 
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in the low renin group (3 + 2 mm Hg). Similarly, the 
initial decrease in systolic pressure was greater (P 
<0.05) in the high and normal renin group (25 + 15 mm 
Hg) than in the low renin group (7 + 3mm Hg). In the 
succeeding days of treatment there was no significant 


. difference between the additional reductions in blood 


pressure in the two groups. 

During the treatment period, pulse rate was signifi- 
cantly reduced in both groups, decreasing by 10 beats/ 
min (P «0.025) in the high and normal renin group and 
by 8 beats/min (P <0.05) in the low renin group. 

Sodium and potassium: There were no significant 
changes in either group in mean body weight or plasma 
concentration of sodium or potassium. There was also 
no difference between the two renin subgroups in the 
cumulative retention (sum of the differences between 
daily dietary intake and urinary output) of sodium and 
potassium during the treatment period (average values 
125 and 97 mEq in the high and normal renin group and 
125 and 107 mEq in the low renin group). 

Plasma renin activity: There was a 61 percent de- 
crease in plasma renin activity in the high and normal 
renin group during the study (P «0.01). This change 
occurred promptly. In the six patients whose measure- 
ments were obtained after 1 day of treatment, mean 
plasma renin activity had decreased from 7.3 to 3.3 
ng/ml per hour by 24 hours (P «0.01); but it did not 
change significantly thereafter and was 2.9 ng/ml per 
hour at the end of the study. In contrast, pretreatment 
plasma renin activity in the low renin group was de- 
creased but not significantly changed by the adminis- 
tration of clonidine. Renin and blood pressure values 
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FIGURE 1. Changes in blood pressure in 11 patients with a high or 
normal renin level and in 7 patients with a low renin level during 5 days 
of treatment with clonidine, 0.3 mg/day. 
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In contrast to the renin findings, the control uring E 
aldosterone values in the two groups were not signifi- 
cantly different from each other (P 70.1), and decreased ^ 
to a similar extent during treatment with clonidine. 
Thus, mean urinary aldosterone excretion decreased - 
from 21 + 3 to 13 + 2 ug/day (P <0.01) in the high andi 


(P <0.05) in the low renin group. * 

Correlation of blood pressure, plasma renin ail 
tivity and aldosterone excretion: For the patients as - 
a whole, there was a significant correlation between 
pretreatment values of plasma renin activity and the 3 
percent reduction in diastolic blood pressure on the 1st 
day of treatment (r = 0.66, P <0. Ags However, there $4 


renin values and the Peduetiss in blood pressu: P 
measured at the end of the study. Analysis of all 27 renin 
values measured during the 5 day treatment period in: 
the 18 patients studied gave a significant correlation 
between percent changes in plasma renin activity and - 
in diastolic blood pressure (r = 0.52, P «0.01). The 
correlations between changes in plasma renin activity | 
and either cumulative sodium (r — 0.27) or potassium 
(r =0. 18) retention were not significant. 
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FIGURE 2. Changes in blood pressure and plasma renin activity ina — 
patient with high renin hypertension {open circles) and a patient with 
low renin hypertension (closed circles) during 5 days of treatment with 
clonidine, 0.3 mg/day. C 
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p diastolic blood pressure (r = 0.48, P <0.05) during 
" treatment. Regression analysis further indicated that 
Ere changes in aldosterone excretion were associated 
| with changes in plasma renin activity (r = 0.51, P <0.01) 
but were not related to changes in sodium (r = —0.11) 
or potassium (r = —0.22) plasma concentrations, the net 
E culated retention of sodium (r = —0.07) or potassium 
x -= —0.277) or body weight (r = —0.12). 

— Responders versus nonresponders: In this study, 
a satisfactory blood pressure response to clonidine was 
; defined as a reduction in both systolic and diastolic 
F pressures of at least 10 percent. Accordingly, 8 of the 11 
| ‘patients i in the high and normal renin group and 5 of the 
Tin 1 the low renin group were considered responders. A 
| 8 omparison between these 13 responders and the 5 pa- 































:: |part from the blood pressure response, the principal 
di lifferences between the two groups were in the treat- 
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ya "ream renin activity in the clonidine responders 
- (—54 percent) was significantly different (P «0.025) 
- from that in the nonresponders (+7 percent). Similarly, 
- aldosterone excretion decreased more (P <0.05) in the 
responders (44 percent reduction) than in the nonre- 
i poo (12 percent reduction). Mean body weight 


TABLE II 







ffects of Clonidine in Hypertensive Responders and Nonresponders to Clonidine (mean + standard error of the mean) * 


increased to a greater extent (P <0.05) in the nonre- 
sponders than in the responders. Net sodium retention 
was also somewhat greater in the nonresponders than 
in the responders during treatment (P <0.1). Changes 
in pulse rate were the same in the both groups. 


Sodium Depletion Studies 


Table III summarizes results obtained in six addi- 
tional patients subjected to sodium depletion and clo- 
nidine treatment, (one classified as having a high renin 
level and three a normal and two a low renin level). In 
these patients, urinary sodium excretion, which de- 
creased from 103 + 9 to 11 + 4 mEq/day (P <0.01) when 
dietary sodium intake was reduced from 100 to 10 
mEq/day, was not further altered when clonidine was 
superimposed. Similarly, mean body weight decreased 
during the first phase of sodium depletion (P «0.025) 
but did not change with clonidine treatment. 

With sodium depletion alone, there were small but 
insignificant reductions in blood pressure. However, 
clonidine caused both systolic and diastolic pressures 
to decrease significantly (P «0.025 for both). Unlike 
patients with high and normal renin levels receiving a 
constant diet containing sodium, those with sodium 
depletion alone had no significant changes in blood 
pressure during the 1st day of clonidine treatment 










Change in 
E -Change in Blood Pressure Change in Change in Plasma Change in Cumulative 
1 Pulse Body Renin Aldosterone Sodium 
Rate Weight Activity Excretion Retention 
Diastolic (per min) (kg) (%) (%) (mEq) 
£ 
I ; Responders (no. = 13) 
EN a RE Sn gE at MO a en PIE 
—40+6 —30+ 4 —~9+2 +0.3+ 0.4 —54+ 15 —44+8 102 + 20 





a Nonresponders (no. = 5) 








— 5+ 24 273.2 







E P «0.05; t P «0.01 when compared with value in responders. 


error of the mean)* 


á Blood Pressure (mm Hg) Pulse Body 
p Rate 
E Systolic Diastolic (per min) (kg) 


*1.0 + 0.3* 


Weight 


*7 * 20 —12 + 14t 122 + 15 


= “Responders had reductions of 10 percent or more in both diastolic and systolic blood pressure: nonresponders had reductions of less than 
| percent in systolic or diastolic pressure, or both, after 5 days of treatment with clonidine (0.3 mg/day). 


ow in Six Hypertensive Patients with Sodium Depletion and Treatment With Clonidine (mean + standard 





Plasma 
Renin Urinary Plasma Plasma 
Activity Aldosterone Sodium Potassium 
(ng/ml per hour)  (ug/24 hours) (mEq/liter) (mEq/liter) 





|. Control 





156 * 7 100 + 3 76 * 5 65.9 + 4.4} 2.3 + 0.6} 32.8 + 16.3T 135.7 + 0.8 3.9 + 0.1 
Il. Sodium 144 * 6 96 +2 78+4 64.7 + 6.5 + 2.2 52.4+ 14.4 134.5 + 2.0 3.9 + 0.1 
A depletion 
II. Sodium 123 + et 82 + 5t 71+ 3t 64.7 5.7+ 1.9 46.7 + 12.6 131.8 + 1.8 3.9+ 0.1 
. depletion plus 
E clonidine 
i: *| = control period of 100 mEq/day sodium diet; || = after 10 days of sodium depletion (10 mEq/day sodium diet); III = after 5 more days of 
odium depletion plus treatmentWwith clonidine (0.3 mg/day). 
E iP «4.05, =P «0.025, when gh mpared with value obtained during period II (sodium depletion alone). 
; 
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(systolic -8 mm Hg, diastolic -3 mm Hg). However, 
pulse rate in the patients with sodium depletion de- 
creased by an average of 7 beats/min (P <0.05). 

Plasma renin activity, which increased threefold 
during sodium depletion alone (P «0.025), decreased 
by a mean of only 8.3 percent when clonidine was given. 
This change was significantly less (P <0.025) than that 
observed in the 18 patients who received the 100 mEq/ 
day sodium diet throughout the treatment period. Thus, 
patients in the high and normal renin group with prior 
sodium depletion resembled patients in the low renin 
group both in failure to show decreases in plasma renin 
activity and in pattern of blood pressure response. 
Urinary aldosterone excretion, which increased during 
the period of sodium depletion alone (P «0.05), also did 
not change significantly when clonidine treatment was 
added. Plasma concentrations of sodium and potassium 
did not vary significantly. 


Discussion 


These studies show that clonidine as a single agent 
provides effective antihypertensive treatment in the 
hospitalized patient. Thus, 17 of 24 patients (71 percent) 
receiving either a normal or a reduced sodium diet re- 
sponded to clonidine (0.3 mg/day) with reductions of 
at least 10 percent in both systolic and diastolic blood 
pressures. 

Renin-suppressive action of clonidine: Although 
clonidine significantly reduced blood pressure in pa- 
tients with high and normal renin levels as well as a low 
level of renin, the rate of reduction in the two groups was 
not the same. Whereas blood pressure decreased evenly 
during the treatment period in the low renin group, the 
reduction was significantly more rapid in the high and 
normal renin group, half of the total decrease occurring 
within the Ist day of treatment. This rapid reduction 
was probably related to a reduction in vasoconstrictor 
mechanisms rather than to an effect on volume factors 
because the changes in body weight and electrolyte 
balance that occurred in the high and normal renin 
group were closely similar to those in the low renin 
group. It is likely that this rapid inhibition of vaso- 
pressor mechanisms, which characterized the difference 
in blood pressure response between the two groups, was 
dependent upon the suppressive effect of clonidine on 
renin release. Thus, although plasma renin decreased 
to less than 50 percent of its control value within the Ist 
day of treatment in the high and normal renin group, 
it did not change appreciably in the low renin group. 
Moreover, for the patients as a whole there was a sig- 
nificant correlation between pretreatment renin values 
and blood pressure decrements on the 1st day of treat- 
ment, although there was no relation between these 
renin values and the reductions in blood pressure 
measured at the end of the study. Hence, the acute an- 
tirenin effect of clonidine constitutes an important 
component of its antihypertensive action. Renin-sup- 
pressive mechanisms also have previously been shown 
to play a part in the actions of other antihypertensive 
compounds, including beta adrenergic blocking 
agents?? and methyldopa.!? 
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|... CLONIDINE IN HYPERTENSION—WEBER ET AL. 
Mechanism of clonidine's antihypertensive ac- ; 
tion: The temporal difference between the two renin 
groups in their patterns of blood pressure response, | 
together with the difference in their renin responses, — 
appears to confirm a dual mode of action of clonidine: | 

a rapid reduction of blood pressure in patients with highs E 
and normal renin levels, related to an acute inhibition | 
of renin-angiotensin pressor mechanisms, and a mori 
gradual antihypertensive effect that occurs in all hy- 
pertensive patients regardless of renin status. This latter | 
mechanism may be associated with the reduction in - 
sympathetic activity known to be produced by cloni- : 
dine,? because heart rate decreased uniformly in all. 
hypertensive subjects studied. à 

In patients whose blood pressure failed to respond to J 
clonidine (nonresponders) weight gain was significantly 
greater than in responders. There was no difference | 
between these two groups in the degree of bradycardia 
induced by clonidine, thus further suggesting that the 
absence of a reduction in blood pressure in nonre- 
sponders was due primarily to volume retention rather | 
than to a failure of clonidine to exhibit its antisym- 4 
pathetic effect. In turn, this volume retention appears 
to have been related to the lack of a decrease in aldo- 
sterone production in these patients, for the reduction 
in aldosterone excretion in the nonresponders was sig- 
nificantly less than that in the responders. The further 
observation in this study that there was a positive cor- À 
relation between falls in aldosterone excretion and falls ' 
in blood pressure underlines the importance of aldo- 1 
sterone inhibition in the antihypertensive action of, à 
clonidine. 

Clonidine and aldosterone secretion: There is no. 1 
known mechanism by which clonidine directly sup- ; 
presses aldosterone secretion. However, the renin- 
angiotensin system is known to play a major role in the i 

control of aldosterone,!? and it is likely that the reduc- - 
tions in aldosterone excretion that occurred in this study | 1 
resulted from clonidine-induced inhibition of renin 
release. Thus, in parallel with aldosterone, plasma renin 
activity decreased significantly in patients classified as — 
blood pressure responders, but failed to change in 
nonresponders. Moreover, in the patients as a whole, - 
there was a significant correlation between the changes — f 
in aldosterone excretion and plasma renin during the 
study period. The other major factors that can influence 
aldosterone secretion, alterations in sodium!929 and - 
potassium?! 7? balance, were not found to do so in this - 
study. y 

From these findings a second mechanism by which | 
suppression of renin contributes to the antihypertensive 
action of clonidine can be postulated: namely, that in- 
hibition of the renin-angiotensin system by clonidine 
leads to a reduction in aldosterone secretion, thereby - 
preventing the fluid retention that would otherwise 
reduce or abolish the decrease in blood pressure. The | 
importance of renin suppression in this context was. 
supported in this study by the additional finding of a 
significant correlation betwen the induced decrements - 
in plasma renin activity arid blood pressure during > 
treatment. This critical anfirenin action of clonidine 


;l 







Se 


November 23, 1976 The American Journal of CARDIOLOGY Volume 38 829 


















Beurred i in all patients studied, including those with low 
I renin levels. Thus, although the decrements in plasma 
renin caused by clonidine in the low renin group were 
small, the relative (percent) changes were sufficiently 
large to produce substantial reductions in aldosterone 
and thereby to diminish the participation of volume 
actors in the maintenance of the high blood pressure 


tate. 
. Effects of sodium depletion on antirenin action 


of clonidine: In the patients subjected to sodium de- 
p etion before and during treatment, clonidine de- 


4 cored blood pressure but produced only slight re- 


ma renin group receiving a normal sodium diet, plasma 
renin activity decreased to a much greater degree in the 
l atter group (60 percent) than in the former (8 percent). 


Eun release in hypertensive subjects whose renin levels 
were inherently high than in those whose renin levels 
were high as a result of sodium depletion. 

_ Clonidine inhibits renin secretion through its action 
in the central nervous system,?? abolishing the compo- 
E of renin secretion dependent upon neural gover- 
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involved in the renin response to sodium depletion. 
Despite administration of clonidine in sufficiently large 


doses to produce significant reductions in heart rate and 


blood pressure, we found no change in plasma renin 
activity in the patients who were subjected to salt de- 
privation. 

These results are in apparent conflict with data from 
recent studies in the sodium-depleted rat in which the 
hypertensive action of clonidine was found to be de- 
pendent upon its renin-lowering properties.!? However, 
in the rat studies sodium depletion was achieved with 
the use of furosemide, and it is thus likely that renin 
levels were being sustained, at least in part, by mecha- 
nisms other than those involved in the renin response 
to sodium depletion induced by dietary salt depriva- 
tion.?° 

During the 5 day treatment period, clonidine pro- 
duced significant reductions in both systolic and dia- 
stolic blood pressures in our sodium-depleted patients. 
Consistent with the absence of a decrease in plasma 
renin activity in these subjects was the absence of the 
rapid phase of the hypotensive response found in pa- 
tients in the high and normal renin group receiving a 
normal sodium diet. Although aldosterone excretion did 
not decrease in these patients, the continued rigorous 
salt deprivation prevented reduction in the antihyper- 
tensive response that might otherwise have been caused 
by fluid retention as in the group eating more sodi- 
um. 


References 


14. Sealey JE, Laragh JH: Radioimmunoassay of plasma renin activity. 
Seminars Nucl Med 5:189-202, 1975 

15. Sealey JE, Bühler FR, Laragh JH, et al: Aldosterone excretion. 
Physiological variations in man measured by radioimmunoassay 
or double-isotope dilution. Circ Res 31:367-378, 1972 

16. Heinemann HO, Demartini FE, Laragh JH: The effect of chlo- 
rothiazide on renal excretion of electrolytes and free water. Am 
J Med 26:853-861, 1959 

17. Brunner HR, Laragh JH, Baer L, et al: Essential hypertension: renin 
and aldosterone, heart attack and stroke. N Engl J Med 286: 
441—449, 1972 

18. Laragh JH, Angers M, Kelly WG, et al: Hypotensive agents and 
pressor substances. The effect of epinephrine, norepinephrine, 
angiotensin Il and others on the secretory rate of aldosterone in 
man. JAMA 174:234-240, 1960 

19. Blair-West JR, Coghlan JP, Denton DA, et al: Effect of variations 
of plasma sodium concentration on the adrenal response to angi- 
otensin Il. Circ Res 17:386-393, 1965 

20. McCaa RE, Read VH, Bower JD, et al: Adrenal cortical response 
to hemodialysis, ACTH and angiotensin Il in anephric man (abstr). 
Circulation 44: Suppl Il:11-67, 197 1 

21. Davis JO, Urquhart J, Higgins JT Jr: Effects of alteration of plasma 
sodium and potassium concentration on aldosterone excretion. 
J Clin Invest 42:597-609, 1963 

22. Bayard F, Cooke CR, Tiller DJ, et al: Regulation of aldosterone 
secretion in anephric man. J Clin Invest 50:1585-—1595, 1971 

23. Reid IA, MacDonald DM, Pachnis B, et al: Studies concerning the 
mechanism of suppression of renin secretion by clonidine. J 
Pharmacol Exp Ther 192:713-721, 1975 

24. Pettinger WA, Keeton TK, Cambell WB, et al: Evidence for a renal 
alpha-adrenergic receptor inhibiting renin release. Circ Res 38: 
338-346, 1976 

25. Vander AJ, Carlson J: Mechanism of the effects of furosemide on 
renin secretion in anesthetized dogs. Circ Res 25:145- 152, 
1969 


b November 23, 1976 The American Journal of CARDIOLOGY Volume 38 





\a 


p 


x "- >, E = x " y aT = "F 
-. E c . Uy . 


sm new—just published 1 

Hypoglycemia “” ue 
„ 0 widespread. disease 

Hypoglycemia an important subject 
b 

a TER 











This book is the result of the First European (Rome) - 
Symposium on the subject. Hypoglycemia is a com- ` 
prehensive presentation covering both the clinical and - 
investigative knowledge available now. Guest Editores 
are: D. Andreani, P. Lefebvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, and 
special considerations are offered on: 

O Stimulative Hypoglycemia 

O Alcohol Hypoglycemia 








Proceedings of the 
European Symposium 
Rome 











© kana Ido : : 
| Ncc [] Gastro-intestinal Hormones 
iL. [] Pancreatic Tumors 


[] Reactive Hypoglycemia 
O Hypoglycemia in Diabetics 


These proceedings have made a substantial contribu- 
tion to the understanding and management of this : 
widely diagnosed disease. Now published and ready - 
for worldwide distribution, the original material has the - 
added value of close peer review and careful editing. 


Send us your order now, and receive your copy on our : 
special 10 day free review plan. 







PTRU'ER"EPPT"POpaNOpSr: 


“ay 


Ke 


A 


Hypoglycemia, 135 double column pages, 126 figures and — 
tables. 

Published in conjunction with Georg Thieme Publishers, 
Stuttgart. 

Distribution in Europe, Africa and Asia—Georg Thieme - 
Publishers, Stuttgart. 





This is another important book from The Yorke Medical 
Group, publishers of The American Journal of. 
Medicine, The American Journal of Cardiology, The 
American Journal of Surgery, Cutis, Laragh's Hyper- 
tension Manual and Congestive Heart Failure by Dean ` 





Hypoglyce 



































Mason. 

| YORKE MEDICAL BOOKS Aoc 908 | 

| £66 Fifth Avenue, New York, New York 10019 j | 

| Yes, | would like to review Hypoglycemia-Proceedings of | l 

i the First European Symposium. | | 
tı Please send me copy(ies) on a 10 day free review | 

i basis. | understand | may return the book(s) at any time NAME — sie BA Veda SONS SEAL TEN T m | ; 

| within 10 days and owe nothing or receive a prompt refund A | | 

| if | paid in advance. ADDRESS . ; Mcr oen S Eae Soda Lr 5 

O Please bill me $23.00 plus $1.00 handling. 
| © Payment enclosed $23.00*, publisher absorbs han- CITY/TOWN | ! STA ZIP A 
dling. 

| 1) Canada, Central & South America (Pre-Payment re- SIGNATURE * Y Mt IPAE USO A | | 

| quired) $23.00 plus $2.00 shipping. *In New York State, please add appropriate tax. | 

I b 





"^w 
J E 


"* 


DEDI QUT ZI AA CN OM ee E ORI OY CIT VE 
Tra "y x: A A F. SAP S ME "a ss rey dis = 
LAN e of E | Se T» P L3 Z^ Pi 





———————— E 


perc i ar Tinn 
AEA AINESE ET 
AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


. NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE ` 
! PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
= oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
= each month. The audio cassette tapes include recorded panel discussions interviews with noted 
= authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 

education notebook are supplied as a part of this professional service. 


HOW WELL CAN YOU DO ON THIS QUIZ? 


These and other items have been discussed in recent 
issues of the ACCEL™ cassette tapes: 








Join the more than 4,500 subscribers who are listening each month. 


1) HIS bundle electrograms are frequently of consid- 
erable value in diagnosing ventricular tachycar- 
dia. d 

True False 


| : 2) The complications of pacemaker electrode 
"1 a U placement can be significantly reduced by right 
Bun ventricular apex angiography. 

* s 

; S True False 
7 ahi d 3) Paradoxical motion of the ventricular septum is 


commonly seen in patients with atrial septal de- 
fects. 


t 


True False 


4) Which of the following is correct: 


A) High-grade obstructive coronary artery disease 
generally precedes myocardial infarction. { 
B) High-grade obstructive coronary artery disease 
generally follows myocardial infarction. ^ 
C) The matter is still debatable. 
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Before prescribing, see complete prescribing in- 
formation in SK&F Co. literature or PDR. A 
brief summary follows: 


WARNING 

This fixed combination drug is not indicated 
for initial therapy of edema or hypertension. 
Edema or hypertension requires therapy 


titrated to the individual patient. If the fixed 


combination represents the dosage so deter- 
mined, its use may be more convenient in 
patient management. The treatment of hyper- 
tension and edema is not static, but must be 
reevaluated as conditions in each patient 
warrant. 


* Indications: When the fixed combination repre- 
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confirmed renal insufficiency. Periodic determi- 
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QRS complex or arrhythmia in association with 
hyperkalemia requires prompt additional therapy. 
Thiazides are reported to cross the placental 
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carbohydrate metabolism and other adverse re- 
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serum electrolytes were not properly monitored). 
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liver damage, other idiosyncratic reactions. Blood 
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zides alone. 
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insulin requirements in diabetic patients may 
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The ideal coffee for the hypertensive... 





is low in caffein, high in potassium and long on flavor. 


Many physicians feel that stimulants and hypertension don't mix. 


And, since thiazide and furosemide diuretics often used to treat 
hypertension tend to deplete serum potassium, a diet containing 
potassium-rich foods is sometimes essential. 

A recommendation of SANKA* brand decaffeinated coffee, 
as part of a prudent diet for hypertensive patients who drink cof- 


fee, reduces the stimulant effect (only 3-5 mg. of caffein per 6-oz. 


cup). Further, it allows your patient to continue enjoying rich, 
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Each capsule contains 50 mg. of Dyrenium? (triamterene, SK&F Co.) 
and 25 mg. of hydrochlorothiazide. 


HELPS AVOID K* LOSS 


The ‘Dyrenium’ in 'Dyazide' helps promote patient comfort by 
limiting the loss of essential potassium during drug therapy for 
hypertension. Potassium depletion caused by conventional 
diuretics and the resultant symptoms of fatigue and muscle 
cramps are seldom a problem with ‘Dyazide’. 


CONVENIENT 


Potassium supplements are seldom needed, in fact they should 
not be used unless hypokalemia develops or dietary K* intake 
is markedly impaired. 





One or two capsules, once or twice daily for maintenance, 
according to the response of the patient. 


ECONOMICAL 


The expense of K* rich foods and potassium supplements can 
cost your patient more than conventional antihypertensive 
diuretics. ‘Dyazide’ costs less than other K* -sparing agents. 


SERUM K* AND BUN SHOULD BE 
CHECKED PERIODICALLY 


Particularly in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Elevated serum potassium 
levels can occur because of the potassium-sparing effect of 
‘Dyrenium’, but they are rare in patients with normal renal 
function. If hyperkalemia develops, substitute a thiazide alone. 





Use 'Dyazide' with caution during pregnancy or in women who 
might bear children; potential benefits should be weighed 
against possible hazards to the fetus. 


SI«ST CO. 
Carolina, P.R. 00630 
Subsidiary of 


SmithKline Corporation 


*‘Dyazide’ is not indicated for initial therapy. See next page for indications and 


brief summary of prescribing information. 
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Before prescribing, see complete prescribing 
information in SK&F Co. literature or PDR. A 
brief summary follows: 


*| WARNING 
This fixed combination drug is not indicated 
for initial therapy of edema or hypertension. 
Edema or hypertension requires therap 
titrated to the individual patient. If the fixed 
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Each capsule contains 50 mg. of Dyrenium® (triamterene, SK&F Co.) mined, its use may be more convenient in 
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* Indications: When the fixed combination repre- 
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potassium-sparing action of its 'Dyrenium' 


component is warranted. 


Contraindications: Further use in progressive renal 
or hepatic dysfunction; hyperkalemia. Pre- 

3 existing elevated serum potassium. Hyper- 
sensitivity to either component or other sulfona- 
mide-derived drugs. Routine use of diuretics in 


otherwise healthy pregnancy. 


Warnings: Do not use potassium supplements, 
dietary or otherwise, unless hypokalemia develops 
or dietary intake of potassium is markedly 
impaired. If supplementary potassium is needed, 
possem tablets should not be used. Hyper- 
alemia can occur, and has been associated with 
cardiac irregularities. It is more likely in severely 
ill patients with urine volume less than one liter/ 
day, the elderly or diabetics, with suspected or 
confirmed renal insufficiency. Periodic determina- 
tions of serum K* should be made. If hyper- 
kalemia develops, substitute a thiazide alone, 
restrict K* intake. The presence of a widened QRS 
complex or arrhythmia in association with hyper- 
A kalemia requires prompt additional therapy. 
| M 0 , Thiazides are reported to cross the placental barrier 
A and appear in breast milk; fetal or neonatal hyper- 
biliFübtriemia. thrombocytopenia, altered carbo- 











ON hydrate metabolism and other adverse reactions 
2 00 ^A that have occurred in the adult may result. When 
eS used in pregnancy or in women who might bear 
children, weigh potential benefits against possible 
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children is not available. 


Precautions: Do periodic serum electrolyte deter- 
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vomiting excessively or receiving parenteral fluids). 
Periodic BUN and serum creatinine determinations 
should be made, especially in the elderly, diabetics, 
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in severe liver disease. If spironolactone is used 
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both can cause K* retention and elevated serum 
K+, Two deaths have been reported with such 
concomitant therapy (in one, recommended dosage 
was exceeded, in the other serum electrolytes were 
not properly monitored). Observe regularly for 
possible blood dyscrasias, liver damage, other 
idiosyncratic reactions. Blood dyscrasias have been 
reported in patients receiving Dyrenium® (tri- 
amterene, SK&F Co.), and leukopenia, thrombo- 
cytopenia, agranulocytosis, and aplastic anemia 
have been reported with thiazides. Do periodic 
blood studies in cirrhotics to check for nondrug- 
related variations in blood pictures, and in patients 
— with folic acid depletion, since ‘Dyrenium’ may 

» contribute to appearance of megaloblastosis. 
Antihypertensive effect may be enhanced in post- 
sympathectomy patients. Use cautiously in surgical 
patients. The following may occur: transient 
elevated BUN or creatinine or both, hyperglycemia 
and glycosuria (diabetic insulin requirements may 
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interferes with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis, 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting, 
diarrhea, constipation, other gastrointestinal 


: disturbances. Necrotizing vasculitis, paresthesias, 
SKE 4 O icterus, pancreatitis, xanthopsia and, rarely, . 
^" allergic pneumonitis have occurred with thiazides 
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CLINICAL STUDIES 


Left Ventricular Performance in Mitral Regurgitation Assessed With Systolic Time Intervals 
and Echocardiography 


KENNETH L. WANDERMAN, MARK J. GOLDBERG, RICHARD S. STACK and 
ARNOLD M. WEISSLER 


A prolonged preejection period (PEP), shortened left ventricular ejection time (LVET) and 
an increased PEP/LVET ratio characterized the 22 patients with isolated mitral regurgita- 
tion of various origins. An increased PEP/LVET ratio greater than 0.50 was consistently as- 
sociated with echocardiographic evidence of abnormal left ventricular performance; a nor- 
mal ratio reflected normal or supernormal left ventricular performance. Such use of com- 
bined echocardiographic and systolic time interval measurements enhances the analysis 
of ventricular performance in mitral regurgitation. 


836 Echocardiographic and Clinical Spectrum of Mitral Anular Calcification 


GEORGE E. GABOR, BRIAN D. MOHR, PREM C. GOEL and BARUCH COHEN 


Although the echocardiogram can be used reliably to diagnose calcification of the mitral 
anulus, care must be taken to distinguish this echocardiographic pattern from that of peri- 
cardial effusion and mitral stenosis in particular. Anular calcification may extend into the 
posterior left ventricular wall, mitral valve leaflets, aortic valve and interventricular sep- 
tum. 


843 Favorable Effects of Oral Maintenance Digoxin Therapy on Left Ventricular Performance in 


Normal Subjects: Echocardiographic Study 


MICHAEL H. CRAWFORD, JOEL S. KARLINER, ROBERT A. O'ROURKE with the technical 
assistance of K. WRAY AMON 


Oral maintenance digoxin therapy causes a modest but highly significant improvement in 
left ventricular performance after acute pressure loading in normal subjects as a result of 
improved systolic shortening of the myocardium. During digoxin therapy mean left ventric- 
ular ejection fraction increased from 74 + 2 to 79 + 1 percent, left ventricular minor di- 
mension increased from 37 + 2 to 41 + 1 percent and the mean rate of left ventricular di- 
mension shortening increased from 5.66 + 0.22 to 6.31 + 0.23 cm/sec. These data point 
to a positive inotropic effect on the normal left ventricle during long-term oral digoxin ther- 
apy. 
Continued on page A13 


Be geo the postprandial period 


SUMMARY OF PRESCRIBING INFORMATION 
Indications: Based on a review of this drug by The National Academy 
of Sciences— National Research Council and/or other information 
FDA has classified the indications as follows 
Probably effective. The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks 
Final classifications of the less-than-effective indications requires 
further investigation 


Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety 
Precautions: Tolerance and cross tolerance to other nitrates may occur 
Adverse Reactions: Headache which may be severe and persistent. Low 
ering the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued 

Adversereactions seen occasionally: Cutaneous vasodilation with flush- 
ing, transient dizziness and weakness as well as other signs of cerebral 
ischemia associated with postural hypotension, individual marked sensi- 
tivity to the hypotensive effects of nitrates wherein severe responses can 
occur even with the usual therapeutic dose (alcohol may enhance this 
effect); drug rash and/or exfoliative dermatitis 

Thisdrugcan actas a physiological antagonist to norepinephrine, acetyl- 
choline, histamine and other agents 
Dosage and Administration: /ndividual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with chewable doses as low 
as 5 mg.. the smallest effective dose should be employed. Chewable tab- 
lets are generally given in doses of 5 mg 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE 


(isosorbide dinitrate) may be taken for prompt relief of angina pain three or 
four times daily Although the onset and duration of effect of coronary 
nitrates may vary, following is the generally reported range of these values 
for CHEWABLE SORBITRATE 

Onset of Effect: Two to five minutes 

Duration of Etfect: One to two hours 


CHEWABLE 
SORBITRATE. 5mo. 


(ISOSORBIDE DINITRATE) 


UP TO 2 HOURS OF 
ANGINA PROTECTION. 
AT MEALTIME...AND ANY 
OTHER TIME OF STRESS. 


STUART PHARMACEUTICALS | Wilmington, DE 19897 
Division of ICI United States Inc 
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848  Electrophysiologic Effects of Atropine on Sinus Node and Atrium in Patients With Sinus 


Nodal Dysfunction 


RAMESH C. DHINGRA, FERNANDO AMAT-Y-LEON, CHRISTOPHER WYNDHAM, PABLO DENES, 
DELON WU, RONALD H. MILLER and KENNETH M. ROSEN 


Electrophysiologic studies performed with atrial simulation techniques before and after in- 
travenous injection of atropine in 21 patients with sinus nodal dysfunction showed shorten- 
ing of sinus cycle length and sinus recovery time after atropine as in patients without sinus 
nodal dysfunction; effects were only insignificant on sinoatrial conduction and atrial refrac- 
toriness. These results suggest that perinodal and atrial electrophysiologic properties may 
be altered in subjects with sinus node disease. 


856  Vein Graft Patency and Intimal Proliferation After Aortocoronary Bypass: Early and Long- 


Term Angiopathologic Correlations 


GERALD M. LAWRIE, J. T. LIE, GEORGE C. MORRIS, Jr. and H. LISTON BEAZLEY 


As this study of 492 vein grafts from 281 patients shows, most graft occlusions after aorto- 
coronary bypass occur early, mainly in the first 3 postoperative months, and are usually 
due to thrombosis. Late graft occlusion is uncommon and rarely due to intimal proliferation. 
The angiographic appearance of vein grafts up to 75 months postoperatively indicates that 
intimal proliferation is not always progressive and that moderate to severe proliferation is 
compatible with good graft patency. 


863 Chest Pain as a Predictor of Coronary Artery Disease in Patients With Obstructive Aortic 


Valve Disease 


PHILLIPE A. PAQUAY, GORDON ANDERSON, HELMUT DIEFENTHAL, LEONARD NORDSTROM, 
HAROLD G. RICHMAN and FREDARICK L. GOBEL 


In this study of 76 consecutive candidates for aortic valve replacement, those without 
chest pain or electrocardiographic evidence of infarction were likely to be free of signifi- 
cant coronary artery disease. Although presence of chest pain did not predict presence of 
coronary artery disease, patients with more typical angina pectoris were more likely to 
have significant coronary artery disease. Most patients with typical angina and significant 
coronary artery disease had lesions in the left coronary artery. 


EXPERIMENTAL STUDIES 


870 Dynamic Changes in Left Ventricular Wall Thickness and Their Use in Analyzing Cardiac 


Function in the Conscious Dog 


SHIGETAKE SASAYAMA, DEAN FRANKLIN, JOHN ROSS, Jr., WILLIAM S. KEMPER and 
DANIEL McKOWN 


Measurements of left ventricular free wall thickness and internal chamber diameter in nor- 
mal conscious dogs with use of pairs of ultrasonic crystals revealed an abrupt decrease in 
wall thickness with the onset of atrial contraction during the resting state, no change during 
isovolumic systole or with ejection, and thickening by 31.3 percent during diastole. This 
study also showed that a single transmural area of the left ventricular free wall can be used 


Continued on page A 17 


A 
o 
d 
E 
Q 
^ 
Les 
= 





Hygroton somg 


(cniorthalidone) 


blocks sodium retention longer 


Diuretics reduce blood pressure by blocking 


sodium retention to lower “effective” volume. But 
the body’s renal compensatory mechanisms are 


mobilized to promote a secondary sodium 
conservation, expand “effective” volume and 
perhaps reelevate blood pressure. Sustained 
control of “effective” volume is therefore 


essential to treatment. No other diuretic blocks 


sodium retention longer than Hygroton. 


Provides sustained control 


Since the effects of Hygroton are exerted over a 
24-hour period, sodium diuresis is gradual and 
prolonged. At the renal tubular level, Hygroton 
thwarts attempts of the renin/angiotensin/ 
aldosterone system to conserve sodium, thus 
keeping "effective" volume and blood pressure 
down. Inadequate doses of diuretics may permit 
the renin/angiotensin/aldosterone system to 
prevail, but Hygroton helps inhibit itthrough . . . 
a 24-hour sentry” effect 


Enhances patient compliance 


The “24-hour sentry” effect of Hygroton allows 
once-a-day administration. This uncomplicated 
regimen encourages patient compliance 
through simplicity and economy. Proven efficacy 
and compliance have made Hygroton one of the 
most widely prescribed diuretic/antihyperten- 
sives for mild to moderate hypertension today. 


Hvoroton 
the 24-hour sentr y 


For effective once-daily therapy 


USV Pharmaceutical Mfg. Corp. 
eHARMACEUmcas Manati, P.R. 00701 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in edema. 
Contraindications: Anuria, hypersensitivity to chlorthali- 
done; routine use of diuretics in an otherwise healthy preg- 
nant woman with or without mild edema is contraindicated 
and possibly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic function 
or progressive liver disease. May be additive or potentiative 
of the action of other antihypertensive drugs. Sensitivity 
reactions may occur in patients with a history of allergy or 
bronchial asthma. Usage in women of childbearing age 
requires that the potential benefits of the drug be weighed 
against its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, and 
possibly other adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the placental 
barrier and appear in cord blood and breast milk. Precau- 
tions: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed 
at appropriate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic alkalo- 
sis, and hypoxalemia. Serum and urine electrolyte determi- 
nations are particularly important when the patient is 
vomiting excessively or receiving parenteral fluids. Medica- 
tion such as digitalis may also influence serum electrolytes. 
Hypokalemia may develop with chlorthalidone as with any 
other potent ciuretic, especially with brisk diuresis, when 
severe cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral 
electrolyte intake will also contribute to hypokalemia. Digi- 
talis therapy may exaggerate metabolic effects of hypokale- 
mia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional 
hyponatremia may occur in edematous patients in hot 
weather. Hyperuricemia may occur or gout be precipitated 
in certain patients. Insulin requirements in diabetic patients 
may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone 
and related drugs may increase the responsiveness to 
tubocurarine. The antihypertensive effects of the drug may 
be enhanced in the postsympathectom patient. Chlor- 
thalidone and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal impairment 
becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to withhold- 
ing or discontinuing diuretic therapy. Chlorthalidone and 
related drugs may decrease serum PBI levels without signs 
of thyroid disturbance. Adverse Reactions: Anorexia, gas- 
tric irritation, nausea, vomiting, cramping, diarrhea, con- 
stipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis; dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia; purpura, photosensitivity, rash, 
urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculi- 
tis), Lyell's syndrome (toxic epidermal necrolysis). Ortho- 
static hypotension may occur and may be aggravated by 
alcohol, barbiturates or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever 
adverse reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. Usual 
Dose: One tablet daily. How Supplied: Tablets— 100. mg. 
(white, scored) and 50 mg. (aqua) in bottles of 100 and ° 
1000; PAKs of 28 tablets, boxes of 6. 


When is your 
electrocardiográph too old? 
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When it can’t match EK-5A standards. 


Even if your cardiograph is performing as 
well as the day it was made, it's not up to today's 
standards. In fact, most electrocardiographs in 
service more than 10 years cannot match the 
fidelity and special benefits you receive using 
the Burdick EK-5A. 

Although every Burdick cardiograph is 
built to provide faithful service for many years, 
we introduce improvements with each new 
model. Compared with a new EK-5A, here's 
what a 10-year-old cardiograph is probably miss- 
ing whether it's one of ours—or one of theirs. 

Rectilinear recording to provide a higher- 
fidelity ECG with better definition and accuracy. 
Solid-state components. Isolated circuitry to 
protect both patient and operator. Simplified 
operation to require less time and fewer retakes. 
And compatibility with graded exercise-testing, 
telephone transmission, and automatic start 
capability for ICU monitoring. 

Just a few of the many reasons to own a 
new EK-5A. And here's one more. 





BURDICK 


We've found a buyer for your old cardio- 
graph. Your participating Burdick dealer will 
give you a trade-in allowance for your old car- 
diograph with your purchase of a new Burdick 
EK-5A. 

For more information, call, toll-free, (800) 
356-0701. In Wisconsin call (608) 868-7631. Or 
write The Burdick Corporation, Milton, Wiscon- 
sin 53563. 


The Burdick EK- SA. 








CONTENTS 





to reflect myocardial function and overall left ventricular dynamics in the absence of re- 
gional dysfunction. Such studies carried out during atrial pacing, after administration of 
drugs, during acute coronary occlusion and during chronic pressure overloading constitute 
a new approach to the assessment of cardiac function that has potential echocardiograph- 
ic applications. 


880 Coronary Steal: Its Role in Detrimental Effect of Isoproterenol After Acute Coronary 
Occlusion in Dogs 


MICHAEL V. COHEN, EDMUND H. SONNENBLICK and EDWARD S. KIRK 


This study in 10 dogs demonstrates that isoproterenol, in addition to its inotropic effect, 
aggravates ischemia distal to a coronary occlusion by decreasing collateral blood flow. 
This decrease is produced by a coronary steal and by a reduction in coronary perfusion 
pressure. Any agent causing primary or secondary coronary vasodilatation may cause a 
coronary steal and enhance myocardial injury. 


889 Preceding His-Atrial Interval as a Determinant of Atrioventricular Nodal Conduction Time 
in the Human and Rabbit Heart 


JACQUES BILLETTE 


Conduction time through the atrioventricular (A-V) node in the human and the isolated rab- 
bit heart depends mainly upon the length of the preceding His-atrial (H-A) interval. When 
the H-A interval is taken as an indicator of the resting period of the A-V node, A-V conduc- 
tion is only slightly influenced and mainly facilitated by the cumulative effects of frequency 
at faster basic rates. This facilitation is compatible with similar frequency-dependent short- 
ening of the functional refractory period of the A-V node. 


PEDIATRIC CARDIOLOGY 


897 Double Outlet Left Ventricle. Morphology, Cineangiocardiographic Diagnosis and Surgical 
Treatment 


PETER W. T. BRANDT, A. LOUISE CALDER, BRIAN G. BARRATT-BOYES and JOHN M. NEUTZE 


This report discusses the anatomic and cineangiocardiographic features of five patients 
with double outlet left ventricle, the classification and diagnosis of connection disorders, 
and the diagnostic radiologic criteria. The radiographic diagnosis can be established only 
by delineating the relations of the origin of the great artery to the ventricular septum using 
the radiologic projection (usually left anterior oblique) that profiles the ventricular septum. 
The surgical significance of these anatomic features is discussed. 


910 Congenitally Corrected Transposition of the Great Arteries: Morphologic Study of 32 Cases 


SALLY P. ALLWORK, HUGH H. BENTALL, ANTON E. BECKER, HUGH CAMERON, 
LEON M. GERLIS, JAMES L. WILKINSON and ROBERT H. ANDERSON 


Thirty-two autopsy cases of congenitally corrected transposition of the great arteries (com- 
bination of atrioventricular [A-V] discordance and transposition of the great arteries) are 
comprehensively described; special attention is paid to possible surgical approaches for 
repair of the anomalies. Particular attention must be given to the precise anatomy and dis- 
position of the mitral valve apparatus, the coronary arteries and the conducting tissues, as 
well as to anomalies of the tricuspid valve, ventricular septal defect and pulmonary outflow 
tract obstruction. 
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o Greater GI tolerance 

g Full quinidine cardiodynamics 

[1 Convenient B.I.D. or T.I.D. 
dosage for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are 
indicated in the treatment of a broad range of cardiac 
arrhythmias (see Brief Summary). After conversion to 
normal sinus rhythm—whether with CARDIOQUIN 
Tablets or electroconversion—only low b.i.d. or t.i.d. 
dosage of this unique polygalacturonate salt of quinidine 
is required for maintenance in most cases. 

Well-tolerated, CARDIOQUIN Tablets are particularly 
suited for maintenance therapy, since the polygalactu- 
ronic acid serves as a buffering moiety. It protects the 
mucosa of the stomachrand permits dependable absorp- 
tion of the quinidine.* 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y2 to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 50. 
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SPECIAL STUDY 


924 Candida Myocarditis Without Valvulitis 
WILLIAM G. FRANKLIN, ARTHUR B. SIMON and THOMAS M. SODEMAN 


The frequency of Candida infections is increasing, particularly in patients with blood dys- 
crasias. In this series 31 of 50 patients (62 percent) with systemic candidiasis had myocar- 
dial involvement at postmortem examination. Candida invasion of the heart should be sus- 
pected when a young person without preexistent heart disease has positive cultures for a | 
Candida organism and a significant cardiac arrhythmia, conduction disturbance or other | 
sudden QRS changes in the electrocardiogram. The effect of therapy is unknown. 


REPORTS ON THERAPY 


929  Intramuscular Clindamycin for Therapy of Infective Endocarditis. Report of 23 Cases and 1 
Review of the Literature 


KEITH H. BURCH, EDWARD L. QUINN, FRANK COX, TOM MADHAVAN, EVELYN FISHER and 
DONALD ROMIG 


3 i 


Successful treatment of 21 of 23 patients with infective endocarditis demonstrates that in- 
tramuscular clindamycin has a limited but valuable use as an alternate agent in such pa- 
tients allergic to penicillin. Thirteen patients had Staphylococcus aureus endocarditis and 
11 of the infections were heroin-related and involved the tricuspid valve. Although clinda- 
mycin can be useful in streptococcal endocarditis, it should be used with caution since it 
is less bactericidal than the penicillins or cephalosporins and organisms have become re- 
sistant during treatment with it. 


934 Clinical Efficacy of Amiodarone as an Antiarrhythmic Agent 


MAURICIO B. ROSENBAUM, PABLO A. CHIALE, M. SUSANA HALPERN, GERARDO J. NAU, 
JULIO PRZYBYLSKI, RAUL J. LEVI, JULIO O. LAZZARI and MARCELO V. ELIZARI 


Amiodarone given orally in doses of 200 to 600 mg/day proved very effective in the treat- 
ment and prevention of arrhythmias, totally suppressing and controlling supraventricular 
arrhythmias in 98 (92.4 percent) of 106 patients and ventricular arrhythmias in 119 (82 per- | 
cent) of 145 patients. It proved safe in patients with severe congestive heart failure and : 
myocardial damage, and had a wide safety margin and cumulative effect. Its most impor- 

tant undesirable side effect is reversible corneal microdeposits and its most important con- 

traindication is intraventricular or atrioventricular block. 


REVIEWS 


945 Spectrum of Coronary Arterial Spasm. Clinical, Angiographic and Myocardial Metabolic 
Experience in 29 Cases 


LESLIE WIENER, HRATCH KASPARIAN, PETER R. DUCA, PAUL WALINSKY, 
RONALD S. GOTTLIEB, FRANCES HANCKEL and ALBERT N. BREST 


Coronary arterial spasm was observed angiographically in 29 patients, including 7 patients 
with normal-appearing coronary arteries and 22 with various degrees of stenosis. During 
spasm the hemodynamic findings were those of a hypodynamic state, in contrast to find- ove 
ings in patients with typical exertional angina. These 29 cases, detected over a 2 year peri- 
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: od in 3,000 consecutive coronary angiographic studies, reflect a 1 percent incidence rate 
3 of coronary spasm. Patients with spasm manifest an atypical anginal syndrome complicat- 
; ed by cardiac arrhythmias (including atrioventricular block and ventricular fibrillation), myo- 
cardial infarction and death. They respond less favorably to coronary bypass surgery than 
those with definite coronary arteriosclerosis. 


CASE REPORTS 


TF Frees, 
Yy 


956 Afterload Reduction in the Management of Postinfarction Ventricular Septal Defect 


5 PAUL L. TECKLENBERG, JOHN FITZGERALD, BASIL |. ALLAIRE, EDWIN L. ALDERMAN and 
E DONALD C. HARRISON 


In two patients afterload reduction with intravenously administered nitroprusside or sub- 
lingually administered isosorbide dinitrate with careful hemodynamic monitoring demon- 
A strated that such therapy is a potentially useful adjunct in the medical management of ven- 
tricular septal defect complicating acute myocardial infarction. Improving cardiac function 


f 
1 in this way for 4 to 8 weeks makes surgical repair easier and safer. The principal benefit of 
: these agents is improved systemic blood flow without significant change in blood pres- 
z sure. 

i 


959 Pulmonary Arterial Compression Syndrome Caused by False Aneurysm of Left Ventricular 
Outflow Tract 


MICHAEL J. COWLEY, JAMES L. WELLS, Jr., WILLIAM P. HOOD, Jr. and JOHN W. KIRKLIN 


| An unusual false aneurysm of the left ventricular outflow tract just under the aortic ring, 
E arising from an anular excavation related to previous endocarditis with abscess formation, 
caused extrinsic compression of the right pulmonary artery and pulmonary hypertension. 
The ostium of the aneurysm was successfully closed by oversewing during insertion of a 
Bjork-Shiley aortic valve prosthesis. 


SPECIAL DEPARTMENTS 


964 Letters to the Editor 

Lymphatics and Myocardial Infarction—A. J. Miller and A. J. Libanoff 
4 Prinzmetal's Variant Angina—R. MacAlpin and C. B. Higgins 

966 American College of Cardiology News 

967 Author Index 
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ExerCybernetícs 


l the total communication between man and machine 
in the automatic control and documentation of exercise stress testing. 


Del Mar Avionics new 3100 ExerStress? Analysis Systems do it the way m =~ 77 7—— — — ———————-— 
DEL MAR AVIONICS 
you want it. Automatically. From workup, throughout test, to recovery. 


1601 Alton Avenue at Redhill AJC-12 
And they do it with a difference. We call that difference ExerCybernetics, | 10e California. 92714 - (714) 549-1500 


L] Please send me more information on Del Mar 
Avionics new ExerCybernetics Systems. 


Communication is what it's all about. Not a one-sided monologue of E) Piense achedüie whe feria valine HOMON 


| 
l 
| 
automation and documentation like other computer-assisted systems, | 
Del Mar Avionics 3100 ExerStress Analysis Systems include you in the | — fr 
conversation. Your input can change and direct the automation before, | 
during, and after the procedure. You ask the machine what you want — | 

| 


to know, not what the machine has been programmed to tell you. 


Organization 


Address 


The concept is ExerCybernetics.The reality is Del Mar Avionics new | 
3100ExerStress Analysis Systems. The difference is you. LU CER UAI UAE s ESL IM ae 


DEL MAR AVIONICS 
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Variopacemaker Model 159—Impulse Duration 1.0 ms 


Variopacemaker Model 179B—lImpulse Duration 0.5 ms 
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Advantages 


Now it is possible to check a patient’s 
stimulation threshold easily and 
quickly at any time. 


A permanent magnet is placed 
externally above the implanted 
Variopacemaker. This activates the 
vario function. Stimulation at a rate 
of 100 impulses per minute is 
initiated. The impulse amplitude of 
the Variopacemaker automatically 
steps down in 16 equal intervals to 
zero voltage and then repeats 

the cycle. 


An electrocardiogram is taken during 
the test. By counting the pulses 

which do not result in ventricular 
contraction and then multiplying by 
0.35, the stimulation threshold is 
determined. 


The vario function can be used after 
implantation, before discharge, to be 
sure the electrode is still in a good 
position. The stimulation threshold 
also can be measured during routine 
check-ups of the patient. 


The safety margin can easily be 
determined by measuring the 
difference between output amplitude 
of the pacemaker and the patient’s 
stimulation threshold. This is 
especially valuable toward the end of 
the pacemaker’s usable life. 


Other Features 


Electrical interference protection is 
provided by highly selective input 
filters in the pacemaker and complete 
titanium encapsulation. As an addi- 
tional safety measure, the pacemaker 
automatically switches from the 
QRS-inhibited mode to the basic rate 
mode in the event of unusually 

strong fields of interference. 


Defibrillation-safe up to defibrillation 
energies of 400 J (400 Ws). 


Service life expectancy will be more 
than 3 years due to the demand 
function of the pacemaker and the 
long-life Mallory mercury cells 
(RM1 group Il). 


End of pacemaker's life is distinctly 
indicated by a decrease in both basic 
stimulation rate and magnet-imposed 
test rate. When eventually one 
mercury cell has been discharged, 
necessitating a pacemaker exchange, 
the basic rate decrease will be 8 to 

12 imp/min, with a decrease in the 
test rate at the same time of 13 to 

19 imp/min. 


Siemens-Elema leads with screw 
connectors or screw adapters are 
available to shorten the inevitable 
stimulation interruption to a few 
seconds during pacemaker replace- 
ment. Other leads can be connected 
via adapters with Siemens-Elema 
screw connectors. 








PHONE 


ADDRESS 


CITY 


CALL COLLECT FOR A VARIOPACEMAKER DEMONSTRATION 
OR WRITE FOR DESCRIPTIVE LITERATURE 


[] Please send descriptive literature for your Variopacemakers. 
[] Please call for an appointment to demonstrate the Variopacemaker. 


NAME 


STATE 


SIEMENS-ELEMA 


Pacemaker Division « Elema-Schonander, Inc. + Box 128 Elk Grove Village, Illinois 60007 * 312/640-646 
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s | Mfr: Fukuda Denshi Ltd. 
| Tokyo, Japan 


FD-31P THREE CHANNEL SYSTEM 
ECG/PHONO/PULSE 


A three channel direct writing system for simulta- 
neous recording of three channel ECG or any 
combination of multi Phono/Pulse/ECG data. The 
System retains all the standard features of 3-chan- 
nel ECG with the added provisions of simultaneous 
Heart Sound, ECG and Pulse Wave recording. The 
FD-31P employs a special envelope detection 
method and includes the most advanced galva- 
nometer design providing optimum resolution of 
diagnostic information. Electrical safety is attained 
by floating input amplifiers. 


$3950.00 














FJC-7110 "MINI-EGG" SERIES? PORTABLE, COMPACT, LIGHT- 
WEIGHT, MODULAR CONSTRUCTION, HIGH PERFORMANCE, 
EASY OPERATION. MEETS AHA SPECIFICATIONS,” 


AC Model 115/220V ac for line operation, $895.00 


DC Model battery operated, includes set of “D” cell 
batteries, $860.00 


AC/DC Model 115/220V ac and interchangeable “D” 
cell Battery Pack, $945.00 


OPTIONS: 

RBPP-1 Interchangeable rechargeable Battery Power 
Pack including built-in recharges, fits all models, 
$150.00 


"Models include all standard accessories. 





Other available products: 

W Two Channel Electrocardiograph (FD-20) m Two Channel Phono, ECG, or Pulse (DP-2S) 
W ECG Tape Cassette System (SFR-11) B Ambulance Monitor 

W Three Channel ECG (DU-3S) W Monitor Oscilloscope (MS-10) 





Call or write for further information. 
MEDICAL SYSTEMS CORP. 


Dept A, 230 Middle Neck Raod, Great Neck, New York 11021e(516) 466-2000 





Lasix Tablets 


( furosemide) 20 mg and 40 mg 
in hypertension. 


Lasix Tablets have 


beenshowntoreduce | 
elevated blood pressure — | 
indiuretic-responsive | 
patients. me 


Lasix. For the 


treatment of essential 
benign hypertension. 
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A brief summary of the Prescribing Information for 
Lasix® (furosemide) Tablets 20 mg and 40 mg 


WARNING —Lasix (rurosemide) is a ent diuretic which if given in 


. excessive amounts can lead to a profound diuresis with water and electro- 
. lyte depletion. Therefore, 


careful medical supervision is required, and 
ose and dose schedule have to be E. to the individual patient's 
needs. (See under “Dosage and Administration.") 

Indications—Lasix (furosemide) is indicated for the treatment of the 
edema associated with congestive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syndrome. 

Hypertension—Lasix (furosemide) may be used for the treatment of 
hypertension alone or in combination with other antihypertensive drugs. 

ypertensive patients who cannot be Monae jo controlled with thiazides 
wes probably also not be adequately controllable 
alone. 

CONTRAINDICATIONS—Because animal reproductive studies have 
shown that Lasix (furosemide) may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing potential. (See “Additional 


with Lasix (furosemide) 


_ Information.") 


Lasix (furosemide) is contraindicated in anuria. If increasing azotemia 


_ and oliguria occur during treatment of severe progressive renal disease, 


the drug should be discontinued. In hepatic coma and in states of electro- 
lyte depletion, therapy should not be nstituted until the basic condition 
is improved or corrected, Lasix (furosemide) is contraindicated in patients 
with a history of hypersensitivity to this compound. 

_ _ Warnings—Excessive diuresis may result in dehydration and reduc- 
tion in blood volume, with circulatory collapse and with the possibility 
of vascular thrombosis and embolism, particularly in elderly patients. 
Excessive loss Of potassium in patients receiving digitalis glycosides may 
precipitate digitalis toxicity. Care should also be exercised in patients re- 


_ ceiving potassium depleting steroids. 


Frequent serum electrolyte, CO; and BUN determinations should be 
performed during the first few months of therapy and periodically there- 
after, and abnormalities corrected or the drug temporarily withdrawn. 

In patients with hepatic cirrhosis and ascites, initiation of therapy 
with Lasix (furosemide) is best carried out in the hospital. Sudden altera- 
tions of fluid and electrolyte balance in patients with cirrhosis may pre- 


. cipitate hepatic coma; therefore, strict observation is necessary during 


the period of diuresis. Supplemental potassium chloride and, if required, 
an aldosterone antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 

Patients should be observed regularly for the possible occurrence of 


~ blood dyscrasias, liver damage, or other idiosyncratic reactions. 


In those instances where potassium supplementation is required, an 
oral nd preparation should be used rather than enteric-coated potas- 
sium salts. 

There have been several reports, published and unpublished, con- 
cerning nonspecific small-bowel lesions consisting of stenosis, with or 
without ulceration, associated with the administration of enteric-coated 
thiazides with potassium salts. These lesions may occur with enteric- 


coated potassium tablets alone or when they are used with nonenteric- 


coated thiazides, or certain other oral diuretics. 
These small-bowel lesions have caused obstruction, hemorrhage, and 
perforation, Surgery was frequently required, and deaths have occurred. 
Available information tends to implicate enteric-coated potassium 


Salts, although lesions of this type also occur spontaneously. Therefore, 


coated potassium-containing formulations should be administered only 
when indicated and should be discontinued immediately if abdominal 
pain, distention, nausea, vomiting, or gastrointestinal bleeding occurs, 
Patients with known sulfonamide sensitivity may show allergic reac- 
tions to Lasix (furosemide). 
Precautions—As with any potent diuretic, electrolyte depletion may 


= occur during therapy with Lasix (furosemide), especially in patients re- 


ceiving higher doses and a restricted salt intake. Electrolyte depletion 
may manifest itself by weakness, dizziness, lethargy, leg cramps, ano- 
rexia, vomiting, and/or mental confusion. 

Asymptomatic hyperuricemia can occur and gout may rarely be pre- 
cipitated. Reversible elevations of BUN may be seen. These have been 


observed in association with dehydration, which should be avoided, par- 


. ticularly in patients with renal insufficiency. 


When parenteral use of Lasix (furosemide) precedes its oral use, it 
should be kept in mind that cases of tinnitus and reversible hearing im- 
airment have been reported. There have also been some reports of cases 
n which irreversible hearing impairment occurred. Usually, ototoxicity 
has been reported when Lasix (furosemide) was injected rapidly in pa- 
tients with severe impairment of rena! function at doses exceeding sev- 
eral times the usual recommended dose and in whom other drugs known 
to be ototoxic were often given. If the physician elects to use high dose 
parenteral therapy in patients with severely impaired renal function, con- 
trolled intravenous infusion is advisable (for adults, it has been reported 
that an infusion rate not exceeding 4 mg Lasix [furosemide] per minute 
has been used). ; ; 

Increases in blood glucose, and alterations in glucose tolerance tests 
with abnormalities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes mellitus have 
been reported. 

Lasix (furosemide) ma 
of tetany have been reported. A . 

Patients receiving high doses of salicylates, in conjunction with Lasix 
(furosemide) may experience salicylate toxicity at lower doses because of 
competitive renal excretory sites. . 

Diuretics such as furosemide may enhance the nephrotoxicity of 
cephaloridine. Therefore, Lasix (furosemide) and cephaloridine should 
not be administered simultaneously. : 

Sulfonamide diuretics have been reported to decrease arterial respon- 


siveness to pressor amines and to enhance the effect of tubocurarine. 
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tives to patients undergoing therapy with Lasix (furosemide), and it is 
advisable to discontinue Lasix (furosemide) for one week prior to any 
elective Surgery / ET CS 

Adverse Reactions— Various forms of dermatitis, including urticaria 
and rare forms of exfoliative dermatitis, erythema multiforme, pruritus, 
EN blurring of vision, postural hypotension, nausea, vomiting, or 
diarrhea. 

Anemia, leukopenia, aplastic anemia, and thrombocytopenia (with 
purpura). Rare cases of agranulocytosis which responded to treatment. 

In addition, the following rare adverse reactions have been reported; 
however, relationship to the drug has not been established with certainty: 
sweet taste, oral and gastric burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli and acute pancreatitis. 

Lasix (furosemide)-induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle cramps, thirst, in- 
creased perspiration, urinary bladder spasm, and symptoms of urinary 
frequency. 

Dosage and Administration 
ADULTS 


Jie usual adult dose of Lasix (furosemide) is 20 to 80 mg given as a 
single dose. : : . ` 

If the diuretic response with a single dose of 20 to 80 mg is not satis- 
factory, the following schedule should be used: Increase this dose by in- 
crements of 20 or 40 mg not sooner than 6 to 8 hours after the previous 
dose until the desired diuretic effect has been obtained. This individually 
determined single dose should then be given once or twice daily. The dose 
of Lasix (furosemide) may be carefully titrated up to 600 mg per day in 
those patients with severe clinical edematous states. 

With doses exceeding 80 mg/day and given for prolonged periods, 
careful clinical and laboratory observations are particularly advisable. 

, Hypertension—The usual dose of Lasix (furosemide) is 40 mg twice 
daily both for initiation of therapy and for maintenance. Careful observa- 
tions for changes in blood pressure must be made when this compound is 
used with other antihypertensive drugs, especially during initial therapy. 
The dosage of other agents must be reduced by at least 50 percent as 
soon as Lasix (furosemide) is added to the regimen to prevent excessive 
drop in blood pressure. As the blood pressure falls under the potentiating 
effect of Lasix (furosemide), a further reduction in dosage, or even discon- 
tinuation, of other antihypertensive drugs may be necessary. It is further 
recommended, if 40 mg twice daily does not lead to a clinically satisfac- 
tory response, to add other hypotensive agents, e.g., reserpine, rather than 
to increase the dose of Lasix (furosemide). 

INFANTS AND CHILDREN 

Pediatric Administration: The usual initial dose of oral Lasix in infants 
and children is 2 mg/kg body weight, given as a single dose. If the diuretic 
response is not satisfactory after the initial dose, dosage may be increased 
by 1 or 2 mg/kg not sooner than 6 to 8 hours after the previous dose. 
Doses greater than 6 mg/kg body weight are not recommended. 

For maintenance therapy in infants and children, the dose should be 
adjusted to the minimum effective level. i . 

How Supplied—Lasix Tablets 40 mg (furosemide) supplied as white, 
round, monogrammed, scored tablets. ~ 

Lasix Tablets 20 mg (furosemide) supplied as white, oval, mono- 
grammed tablets. _ : - $ 

Note: Dispense in dark containers. Exposure to light may cause slight 
discoloration which, however, does not alter potency. 

Additional Information 
Toxicology v» i . 1 . ^ 

The acute toxicity of Lasix (furosemide) has been determined in mice, 
rats, and dogs. In all three animal species, the oral LDso of Lasix (furo- 
semide) exceeded 1000 mg/kg of body weight, while the intravenous LDso 
ranged from 300 to 680 mg/kg. Intragastric injection of the drug in new- 
born rats resulted in an LDso of 380 mg/kg. : 

The acute toxicity of high doses of Lasix (furosemide) was character- 
ized by convulsions, paralysis, and collapse. Surviving animals often be- 
came dehydrated and depleted of electrolytes due to the diuresis induced 
by Lasix (furosemide). In the newborn rats, intragastric injection of the 
drug caused hyperactivity and anorexia. : : 

Chronic toxicity studies with Lasix (furosemide) were done in rats 
and dogs. In a one-year study in rats, renal tubular degeneration occurred 
with all doses higher than 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day). A six-month study in dogs revealed cal- 
cification and scarring of the renal parenchyma at all doses above 10 
mg/kg s percent of the maximal recommended human dose of 600 mg 
per day). ` : 

Reproductive Studies - 

The effects of Lasix (furosemide) on embryonic and fetal develop- 
ment and on pregnant dams were studied in mice, rats, and rabbits. 

Lasix (furosemide) caused unexplained maternal deaths and abor- 
tions in the rabbit when 50 mg/kg (4 times the maximal recommended 
human dose of 600 mg per day) was administered between days 12 to 17 
of gestation. In a previous study the lowest dose of only 25 mg/kg (2 times 
the maximal recommended human dose of 600 mg per day) caused ma- 
ternal deaths and abortions. In a third study, none of the regnant rabbits 
survived: a dose of 100 mg/kg. Data from the above studies indicate fetal 
lethality which can precede maternal deaths. : 

The results of the mouse study and one of the three rabbit studies 
also showed an increased incidence of hydronephrosis (distention of the 
renal pelvis and, in some cases, of the ureters) in fetuses derived from 


treated dams as compared to the incidence in fetuses from the control 
group. 


HOECHST-ROUSSEL 


fa PHARMACEUTICALS INCORPORATED 
Me SOMERVILLE, NEW JERSEY 08876 








P a T 


€t1-ss 
How to g 
at a | 
you cai 


Stress testing is rapidly becoming 
tool. But setting up your own stress tes 
The equipment shown here will aive y 
5 flexible enough to build on for years tc 
SCR Select a treadmill that will last. 
het ps workhorse of the system. It has to be c 
OA GRAM Quinton treadmills have been the stan 
TG. search centers, heart clinics and everyd: 
| We build seven models. All featur: 
nylon belts for extra long service life, a 
type honeycombed aluminum decks, | 
lubricated bearings and heavy duty AC 
with ^no jerk" speed control. 

Quinton treadmills offer variable s 
elevation with metered readouts for bc 
Select a pre 
monitor. ' 
Model 623 
channel mo 

systems. 
The Qi 
selection an 
simultaneou: 
utive ORS cc 
screen, maki 
Petia waa E AS No batte 
Model 623 ECG Monitoring System internal calibr 
before you conduct a test, it also chec 
rate meter to assure you of total syste 
| Build the syster 
a number of spe 
capabilities as \ 
i A Quinto 
monitor and th 
The Quint 
Data Computer 
displays the heartrate, S-T level and S 
It averages the signal to help you "see 
noisy ECG, and it records heartrate, $ 
changes, arrhythmias and 20 beat ECC 
The Quinton cardiotachometer c 
instantaneous, beat-by-beat basis. For 
Instruments, Dept. E16, 2121 Terry A 
Call 206/223-7373 or dial toll free 8€ 
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details on our regional, c 
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Treadmill Programmer 
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. THERMODILUTION INJECTOR 
| FOR GOOD CARDIAC OUTPUT MEASUREMENTS 








* AUTOMATIC REFILLING 
_ * INJECTION RATE: 7ML/SEC 
* INJECTION VOLUME: 1 TO 10ML ADJUSTABLE 
* POWERED BY COMPRESSED AIR 
* REMOTELY OR MANUALLY CONTROLLED 
* 5000 INJECTION FROM ONE AIR BOTTLE 


ARDIOMAX" CIRCULATORY SYSTEM COMPUTER 


tor 
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MEASURES: 


* CARDIAC OUTPUT 

* MEAN TRANSIT TIME 

* CENTRAL BLOOD VOLUME 
* SYSTEMIC RESISTANCE 

* THREE BLOOD PRESSURES 


BY 
DYE OR THERMODILUTION 





. Thermodilution Cardiac Output Computer 


P | “CARDIOTHERM-500” 





m WORK WITH ANY THERMISTOR CATHETER. 
ECHARGEABLE BATTERY-OPERATED; WILL MAKE 100 CAR- 
DIAC > OUTPUT MEASUREMENTS ON ONE BATTERY CHARGE. 
MATIC MEASUREMENT AND ENTRY OF BODY TEMPERA- 
RE AND INDICATOR TEMPERATURE. 
ME ING. 
CHART RECORDER OUTPUT. 
EEUU cree DILUTION CURVE. 
SMALL VOLUME ROOM TEMPERATURE INJECTIONS. 
PRICE: $3,300.00. 
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and total measuring systems 
| Phone: (614) 488-6176 950 N. Hague Avenue 
Columbus, Ohio 43204, USA 
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For over 22 years, Peritrate" has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks" With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 


PE-GP-51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


"The drug has been evaluated as possibly 
effective for this indication. 


See brief summary. 
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YPERST * [ V. (bran of dia 
Injection 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


INDICATIONS For the emergency reduction of blood pressure in malignant 
hypertension in hospitalized patients, when prompt and urgent decrease of 
diastolic pressure is required. Treatment with orally effective antihypertensive 
agents should be instituted as soon as the hypertensive emergency is controlled. 
HYPERSTAT |.V. Injection is ineffective against hypertension due to pheo- 
chromocytoma. 


CONTRAINDICATIONS It should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous 
shunt nor in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Safety in pregnancy and in children has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast 
milk, However, it is known that diazoxide crosses the placental barrier and 
appears in cord blood. Like other thiazides, the drug may produce fetal or neo- 
natal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, 
and possibly other adverse reactions that have occurred in adults. Hypotension 
may occasionally result. If severe enough to require therapy, it will usually 
respond to the administration of sympathomimetic agents, such as norepine- 
phrine. Hyperglycemia occurs in the majority of patients, but usually requires 
treatment only in patients with diabetes mellitus; it will respond to the usual 
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bo management, including insulin. Therefore, blood glucose levels should be moni- 
[fig tored, especially in patients with diabetes or in those requiring multiple injec- 
n tions cf diazoxide. Hyperglycemia and hyperosmolar coma associated with 
Pers transient cataracts developed in one infant receiving repeated daily doses of 
b. oral diazoxide. The disturbed carbohydrate metabolism was successfully treated 
ie with insulin, Cataracts have been observed in a few animals receiving repeated 
P. 


daily doses of intravenous or oral diazoxide. Since diazoxide causes sodium re- 
tention, repeated injections may precipitate edema and congestive heart failure. 
This retention responds characteristically to diuretic agents if adequate renal 
function exists. Concurrently administered thiazides may potentiate the anti- 
hypertensive, hyperglycemic, and hyperuricemic actions of diazoxide (See Drug 
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| Interactions). Since increased volume of extracellular fluid may be a cause of 
It treatment failure in nonresponsive patients, it may be advisable to reduce this 
5 increased volume by means of a diuretic agent, Although no evidence of exces- 
le sive anticoagulant effects has been reported, patients, especially those who are 
Yr» hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its de- 


rivatives, may require reduction in dosage of the anticoagulant (See Drug 
Interactions). 


PRECAUTIONS  HYPERSTAT (diazoxide) I.V. Injection is a potent antihyperten- 
sive agent requiring close monitoring of the patient's blood pressure at fre- 
quent intervals. Its administration may occasionally cause hypotension requiring 
treatment with sympathomimetic drugs. Therefore, adequate facilities to treat 
such untoward reactions should be available. It should be administered only into 
a peripheral vein, Because the alkalinity of the solution is irritating to tissue, 
extravascular injection or leakage should be avoided; subcutaneous administra- 
tion has produced inflammation and pain without subsequent necrosis, If leak- 
age into subcutaneous tissue occurs, the area should be treated ose eto 
Maximal! antihypertensive effects occur after rapid administration (within 30 
seconds) into the vein; a slower injection may fail to reduce blood pressure or 
produce a very brief response. As with any potent antihypertensive agent, 
HYPERSTAT I.V. Injection should be used with care in patients who have im- 
paired cerebral or cardiac circulation, that is, patients in whom abrupt and 
brief reductions in blood pressure might be detrimental, Special attention is 
required for patients with diabetes mellitus and those in whom retention of salt 
and water may present serious problems (See Warnings). Nondiabetic patients 
may have a transient, reversible, and clinically insignificant increase in blood 
glucose following HYPERSTAT I.V. Injection. Since peritoneal dialysis or hemo- 
dialysis can reduce levels of diazoxide in the blood, patients undergoing dialysis 
may require more than one injection, 

ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention 
after repeated injections, especially important in patients with impaired cardiac 
reserve; hyperglycemia frequently requiring treatment in diabetic patients, 
especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; 
myocardial ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electro- 
cardiographic changes; cerebral ischemia, usually transient but possibly leading 
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t to thrombosis and manifested by unconsciousness, convulsions, paralysis, con- 
Bad. fusion or focal neurological deficit, such as numbness of the hands; persistent 
ues retention of nitrogenous wastes after repeated injections; sensitivity reactions, 
DT such as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
b, , Papilledema, induced by plasma volume expansion secondary to the administra- 
LN tion of diazoxide, was reported in one patient who had received eleven injec- 
n tions over a twenty-two day period. 

Other adverse reactions: Vasodilative phenomena, such as orthostatic 
js hypotension, sweating, flushing, and generalized or localized sensations of 
, warmth; supraventricular tachycardia and palpitation; bradycardia; various 
om transient neurological findings secondary to alterations in regional blood flow 
Es to the brain, such as headache (sometimes throbbing), dizziness, lightheaded- 
V ness, sleepiness (also reported as lethargy, somnolence or drowsiness), euphoria 
p or “funny feeling'', ringing in the ears and momentary hearing loss, and weak- 
| ness of short duration; chest discomfort or nonanginal ‘‘tightness in the chest"'; 
aes transient hyperglycemia in nondiabetic patients; transient retention of nitro- 
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genous wastes; and various respiratory and gastrointestinal findings, secondary 
to the relaxation of smooth muscle, such as dyspnea, cough and choking sensa- 
tion; nausea and vomiting and/or abdominal discomfort, anorexia, alteration in 
taste, parotid swelling, salivation, dry mouth, lacrimation, ileus, constipation 
and diarrhea. Also, warmth or pain along the injected vein; cellulitus without 
sloughing and/or phlebitis at the site of extravasation; back pain; and increased 
nocturia, Apprehension or anxiety, malaise and blurred vision occurred on single 
occasions. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may 
displace other substances or drugs which are also bound to protein, such as 
bilirubin or coumarin and its derivatives. These potential interactions must be 
considered when administering HYPERSTAT I.V. Injection. The concomitant ad- 
ministration of diazoxide with thiazides or other commonly used potent diu- 
retics may potentiate the hyperglycemic, hyperuricemic, and antihypertensive 
effects of diazoxide. ; 


OVERDOSAGE Overdosage may cause an undesirable hypotension. Usually, this 
can be controlled with sympathomimetic agents, such as norepinephrine; failure 
of the blood pressure to rise in response to such an agent suggests that the 
hypotension may have been caused by something other than diazoxide. Exces- 
1 sive hyperglycemia resulting from overdosage will respond to conventional 
Fiol ah Dypa a a: Diazoxide may be removed from the blood by peri- 
onea! dialysis or hemodialysis. SWW-4940R1 
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Stat Regimen-for rapid 
' reduction of blood pressure 
in malignant hypertension 


direct-action 


"no ar mM 


f\ 20 ml ampule 
contains 300 mg 


“The injection of the [diazoxide] bolus in 10 to 15 seconds results 
in a prompt blood pressure fall in a high percentage of cases. A maximal 
blood pressure response usually occurs within 5 to 10 minutes:'* 
























© Rapid reduction to normotensive levels € Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple |.V. “push” in a peripheral vein in 30 seconds or 
within 5 minutes... often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 
t ats the balance of effect. 
© Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains o Convenient...no preparation 

t blood pressure below pretreatment levels for periods HYPERSTAT |.V. supplied as a 20 ml ampule containin 


up to 12 hours. 300 mg diazoxide in ready to use solution. 


© Protective action —helps avert target 


*Marvin Moser. M.D.. Assistant Professor of Clinical Medicine, Albert 
organ damage Einstein College of Medicine, and Chief of Cardiology, White Plains 
Cardiac output increases as diastolic pressure is Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
reduced Coronary and cerebral blood flow maintained accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 


Increased renal blood flow after transient decrease. 


Administration guidelines 
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4 Fill dry syringe with appropriate dose 2 Hospitalized patient should be 3 Inject entire dose I. V. in 30 seconds or 

a Of HYPERSTAT I.V. Injection (20 ml a recumbent. Insert needle only into . less. Remove needle carefully— 
ampule contains 300 mg diazoxide). a peripheral vein. avoid extravasation. 
4 Keep patient recumbent for at least half If patient is to be ambulatory, measure Ó HYPERSTAT I.V. Injection should be 

. an hour after injection; monitor BP » BP in standing position before ending « continued until a regimen of oral 

closely until stabilized — usually 15-30 surveillance. antihypertensive medication becomes 
minutes. effective (generally within a few days). 


Ma on Hk Before prescribing HYPERSTAT I.V. Injection, please consult complete product informatior 


All rights reserved. a summary of which appears on the facing page. 
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MONITORING. 
UNCOMPLICATED. 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your Job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


DANGER—POSSIBLE EXPLOSION HAZARD IFUSEDIN- = = = 
THE PRESENCE OF FLAMMABLE ANESTHETICS 2 ; 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

Its extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
It, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 


Jard Ne evening nour 


against anginal attack 


Transdermal 


NITRO- BID; (2%nitroglycerin) 


Ointment. 
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Two double-blind studies have demonstrated the efficacy of NITRO-BID® (2% nitroglycerin) transdermal oint- 
ment.” ? Nitro-Bid Ointment works because absorption through theskin provides anatural “controlledrelease” 
delivery system that lets nitroglycerin bypass the digestive system and enter directly into the bloodstream. 


Bedtime or daytime, as little as an inch of Nitro-Bid transdermal ointment smoothed on the skin can give 


your patients hours of potent protection against anginal attacks. 
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Brief Summary DESCRIPTION: Nitroglycerin 295 (glyceryl 
trinitrate) and lactose in special lanolin-petrolatum base. 

ACTION: Nitroglycerin is continuously absorbed through the skin 
into the circulation, thus exerting prolonged vasodilator effect. 
INDICATIONS: Prevention and treatment of angina pectoris. 
PRECAUTIONS: Headache-is a sign of overdosage, so reduce 
dosage. Occasionally elderly patients may develop postural hypo- 
tension with faintness upon suddenly arising. May be contrain- 
dicated in patients with marked anemia, increasedintraocular pres- 
sure or increased intracranial pressure. Don't use in patients with 
a known idiosyncrasy to nitrites 

DOSAGE AND ADMINISTRATION: Usual dose is 1-2 inches, as 
squeezed from tube. Some patients require 4-5 inches. To deter- 
mine optimal dosage, start with 1 inch, increase dose 1/2 inch at 
REFERENCES: 
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See your Marion representative for further product information 


atime until headache occurs, then drop back to largest dose which 
doesnt cause headache. Apply to desired skin area with Dose 
Measuring Applicator DO NOT USE FINGERS. Spread in thin, 
uniform layer. May be applied every 3-4 hours if necessary. Effec- 
tive in control of angina pectoris, regardless of skin site of appli- 
cation, although patients may prefer chest site because anginal 
pain originates in this area. To stop treatment of anginal patients, 
gradually reduce dosage and frequency of application over period 
of 4-6 weeks to prevent characteristic nitroglycerin withdrawal 
reactions. 


HOW SUPPLIED: 60-gram tubes. 


CAUTION: Federal law prohibits [MIMA lie ids INC 
dispensing without prescription. MISSOURI 6413; 


Hun DIVISION 


1. Davidov ME, Mroczek WJ: The effect of nitroglycerin ointment on the exercise capacity in patients with angina pectoris. 
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What you recommend today 
may change tomorrow. 


Time was, you could preselect a single pacing marginal cardiac output, the loss of the atrial contri- 
rate and feel relatively confident, in most cases, that bution to the cardiac filling cycle may become 
the rate selected would remain physiologically physiologically significant. Rate programmability, in 
adequate over the pulse generator's operating life. these cases, may provide improved patient 
But as improved power cells have become management. 
available, and pacemaker longevity has been greatly Rate-programmable ventricular pacing may 
extended, so is the likelihood for changes in patient also be indicated for the suppression of ventricular 
physiology. Non-invasive rate programming offers a extrasystoles, and in children where changing rate is 
practical means to adjust the rate to meet individual a physiological requirement. 
needs. In summary, rate programming offers you the 
There are some situations where a rate- flexibility to deal with future rate requirements. 
programmable pacemaker may be indicated at Because your patients' needs can change substantially 
implant. For example, in patients with acute with the passing years. The Prolith Rate- 
myocardial infarction (who are often decompen- Programmable Lithium System, offering rates of 60, 
sated), accurate rate selection may not be possible 66, 72, 78, 84, 90, 96, and 102 ppm, lets your 
until weeks later. Certain cases of Sick Sinus patients keep pace with tomorrow. For details, 
Syndrome are other examples. please contact Edwards Pacemaker Systems, P.O. 
However, there are many other cases where Box 19554, 1923 S.E. Main Street, Irvine, CA 92714, 
the benefits of rate programming may not be imme- Telephone 714/540-8161. 
diately obvious. As the years pass, some patients 
may develop angina that is S best nucle Edwards 
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BRIEF SUMMARY : vt 
MINIPRESS® (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug, it is mild to 
moderate in activity. It can be used as the initial agent or it may be 
employed in a general treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 
response. 
WARNINGS. MINIPRESS (prazosin hydrochloride) may cause 
syncope with sudden loss of consciousness. In most cases this 
is believed to be due to an excessive postural hypotensive 
effect, although occasionally the syncopal episode has been 
preceded by a bout of severe tachycardia with heart rates of 
120-160 beats per minute. Syncopal episodes have usually oc- 
curred within 30 to 90 minutes of the initial dose of the drug; 
occasionally they have been reported in association with rapid 
dosage increases or the introduction of another antihyperten- 








sive drug into the regimen of a patient taking high doses of 

MINIPRESS (prazosin hydrochloride). The incidence of syncopal 

a episodes is approximately 196 in patients given an initial dose of 

2 mg or greater. Clinical trials conducted during the investiga- 

WELL SUITED FOR LONG -TERM THERAPY... tional phase of this drug suggest that syncopal episodes can be 

NEW (Orazo 2mg, Sma. minimized by limiting the initial dose of the drug to 1 mg, by sub- 

sequently increasing the dosage slowly, and by introducing any 

(D'aZzosin HCI) additional antihypertensive drugs into the patient's regimen 

: with caution (see DOSAGE AND ADMINISTRATION). Hypoten- 

z | sion may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

: : i If syncope occurs, the patient should be placed in the recumbent posi- 

M Chemically unique vasodilator. tion and treated supportively as necessary. This adverse effect is self- 

limiting and in most cases does not recur after the initial period of therapy 

or during subsequent dose titration. 


| rate in activity. Patients should always be started on the 1 mg capsules of MINIPRESS 
l n Mild to mode M y (prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
A . . . initial therapy. 
E Effective In all grades of hypertension, either More common than loss of consciousness are the symptoms often 
e , : : : ~ ciated with lo f the blood pressure, namely, dizziness and 
alone or in combination with a diuretic and/ Üiohikemdalitiess The patient should oe eM oned AbDUE Rede possible 
i i dverse effects and advised what measures to take should they develop. 
or other antihypertensive agent. aa | take sho 
patient should also be cautioned to avoid situations where injury 
; - b j could result should syncope occur during the initiation of MINIPRESS 
m Direct action on the arterioles without (prazosin hydrochloride) therapy. 
"E . T : Usage in Pregnancy: Although no teratogenic effects were seen in 
clinically significant effects on cardiac animal testing, the safety of MINIPRESS (prazosin hydrochloride) in preg- 
il. nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
output, renal blood flow or glomerular fil not recommended in pregnant women unless the potential benefit out- 
i | weighs potential risk to mother and fetus. 
tration rate. Reflex tachycardia frequently Usage in Children: No clinical experience is available with the use of 
associated with other vasodilators is much MINIPRESS (prazosin hydrochloride) in children, ard es 
. - S . The most common reactions associated wi 
less common with Minipress. MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
i a palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
LUI NO tolerance observed in long term therapy disappeared with continued therapy or have been tolerated with no 
i i i decrease in dose of drug. 
In patients on continuous therapy for The following reactions have been associated with MINIPRESS 
periods of up to a years. (prazosin hydrochloride), some of them rarely. (In some instances exact 


causal relationships have not been established). 
Gastrointestinal: vomiting, diarrhea, constipation, abdominal discom- 


m Studies in patients on continuous therapy fort and/or pain. BSN 
: i i Cardi | d ,d , syncope, tachycardia. 
for periods of up to 5 years indicate that Central Wérvous System: nervousness, vertigo; depransionm 
ini i ' di thesia. 
Minipress is well suited for long-term goes d en ME 
Genit f : tence. 
therapy. EENT: blurred Minion, reddened oieri epistaxis, tinnitus, dry mouth, 
. ° sal stion. 
m Side effects most frequently experienced "Other: diaphoresis | 
with Minipress in a series of 934 patients eo OFA THEE Dial atento Ulseppocranca EUR EA RO 
* rli771 th st . the exact causal relationship has not been established 
Were: dizziness (10.3%), headache (7.8%), bodia «ha baseline bbsarvanbrs genis frequam inadequate. 
drowsiness (7.6 lo), lack of energy (6.9 lo), In more specific slit-lamp and fungiaeeobie Studies pen enga 
weakness (6.5%), palpitations (5.3%), and Soeur coca isinge nave been tepatied es Anora 
0 = DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
nausea (4.9 lo). A small percentage of pa hydrochloride) should be adjusted according to the patient's individual 
tients have experienced orthostatic hypo- blood pressure response. The following is a guide to its administration: 
. 0 0 Initial Dose: 1 mg three times a day. (See Warnings). 
tension (3.4 lo) and syncope (1 3 lo). (For a Maintenance Dose: Dosage may be slowly increased to a total daily 
i inti i d f 20 divided d . Higher doses usually do not in- 
more detailed description of orthostatic ; Se tes honain k: Es Salafib reis behalf fom further He 
; s up to a daily d f 40 mg given in divided doses. After initia 
cv pin ac d aee eal d aae " tifration piste Defers dar DO maitained adequately on a twice daily 
re initiatin e dosa gimen. 
pe cds icm g py ian With Other Drugs: When adding a diuretic or other anti- 
with Minipress.) hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
i . i d out 
iN otarting dosage: 1 mg. t.i.d. HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 


: 1 mg (white #431), 2 mg (pink and white #437), and 5 mg (blue and white 
m Usual maximum recommended dosage: 443B) capsules in bottles of 250. 


: À d "EN More detailed information available on request. 
‘420 mg. daily, given in divided doses. 
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you are doing. The A-mode and the depth 
adjustments are displayed on the same monitor 
so that while you are adjusting the gain to the 
id heart structures presented by the A-mode, you 
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really see what happens. 


The depth compensation of the ECHO- 
CARDIOTRACE provides you not only with an 
anterior depth compensation control, but also 
with posterior depth compensation control, 
which will enable you to get more refined 
images of the posterior part of the heart while 
maintaining other landmark echoes at op- 
timum levels. 


The depth compensation of the ECHO- 
CARDIOTRACE can be adapted continuously. 
To adjust to all structures from pediatric to 
adult, you need a continuously adaptable 
compensation like the one of the ECHO- 
CARDIOTRACE. This is not possible with step- 
by-step adjustments, with sometimes as much 
as 2 cm between each step, and not sufficient to 
adapt to different physiological structures you 
will come across during your investigations. 
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Among 22 patients with isolated mitral regurgitation of various origins, 
systolic time intervals (preejection period [PEP] index, left ventricular 
ejection time [LVET| index and PEP/LVET) and echocardiographic 
measures of left ventricular performance (end-diastolic diameter [Dd], 
end-systolic diameter [Ds], and the percent change in minor axis diameter 
| % AD]) were calculated. The patients were classified into two groups, 
those with a normal or supernormal 96 AD (group I, 15 patients) and thoes 
with a decreased % AD (group Il, 7 patients). 

On group analysis, prolongation of the preejection period, shortening 
of the left ventricular ejection time and an increase in PEP/LVET was 
generally characteristic of patients with mitral regurgitation. These 
changes were accentuated when mitral regurgitation was complicated 
by echocardiographic evidence of diminished left ventricular contractile 
performance ( 96 AD less than 30 percent). An increase in PEP/LVET to 
greater than 0.50 was consistently associated with abnormal left ven- 
tricular performance, whereas a normal PEP/LVET ratio reflected normal 
or supernormal left ventricular performance. 

An inverse linear relation was found between PEP/LVET and 96 AD. 
When compared with previous data on the relation of these variables 
among patients without valve insufficiency, PEP/LVET proved to be in- 
creased for any level of % AD in mitral regurgitation. The state of digi- 
talization did not appear to influence the relation between PEP/LVET and 
% AD. The use of echocardiographic measurements augments the de- 
termination of systolic time intervals in the analysis of left ventricular 
performance in patients with mitral regurgitation. | 


Noninvasive methods for assessing left ventricular performance are well 
established in conditions involving the myocardium, such as coronary 
artery, hypertensive and primary myocardial disease. In particular, 
systolic time interval determinations have been found an effective means 
of quantitating left ventricular performance in these conditions.!-? In 
cardiac valve disease, however, the reliability of these measurements is 
less clear since both the valve defect and altered left ventriculax Junctio 
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in alter the systolic time intervals. In mitral regurgi- 
a ion the interplay of these factors is difficult to de- 
E Recent studies have documented the accuracy 
f echocardiographic methods in assessing left ven- 
'icular chamber performance in both valve and non- 
alve disease.*-? In view of this newer application of the 
ichocardiographic approach, this investigation on the 
‘ombined use of systolic time intervals and echocardi- 
graphic measures in evaluating left ventricular per- 
ormance in mitral regurgitation was initiated. 
f 


M 


E Methods 


Twenty-two patients with mitral regurgitation without 

er hemodynamically significant valve disease were studied 
lable I). Fourteen were male and eight female; their ages 
anged from 16 to 69 years. The condition was of rheumatic 
igin in five patients (including three with ruptured chordae 
ndineae found at open heart surgery). It was caused by pa- 
llary muscle dysfunction due to coronary artery disease in 
ree, healed infective endocarditis in three and prolapse of 
ie or more mitral valve leaflets in nine. In two patients the 
use could not be established. Among the nine patients with 
nitral valve prolapse, the condition was confirmed with 
hocardiography and contrast ventriculography in seven 
latients and with echocardiography alone in two (abrupt 

id-systolic displacement or distinct U-shaped pansystolic 
osterior displacement of the leaflets?!?). 











oye 


Systolic time intervals: All patients had simultaneous 
electrocardiographic, phonocardiographic and carotid arterial 
pulse tracings recorded photographically at paper speed of 100 
mm/sec using an Electronics for Medicine VR-6 system. 
Systolic time intervals were measured as described pre- 
viously.!:? The left ventricular ejection time (LVET) and 
preejection period (PEP) were corrected for heart rate with 
use of linear regression equations, and were expressed as their 
respective indexes (LVETI and PEPI).!? The ratio of PEP/ 
LVET was calculated using the uncorrected values for pre- 
ejection period and left ventricular ejection time. 

Echocardiography: An echocardiogram was recorded in 
all patients, with a Unirad series 100 echograph utilizing a 2.25 
megahertz 0.5 inch (1.27 cm) transducer focused at either 5 
or 7.5 cm, with a repetition rate of 1,000/hertz. The recordings 
were made on a Tektronix recorder. The transducer was 
usually held in the fourth intercostal space just to the left of 
thesternum, although occasionally it had to be placed in the 
third or fifth intercostal space to obtain resolution of the in- 
terventricular septum and left ventricular posterior wall en- 
docardial echoes. Left ventricular minor axis dimensions were 
measured from recordings made with the ultrasonic beam so 
directed that the interventricular septum and the left ven- 
tricular posterior wall endocardium were clearly delineated 
in a position where the inferior mitral valve apparatus echoes 
(inferior edges of the leaflets or chordae tendineae) were evi- 
dent. The left ventricular end-diastolic diameter (Dd) was 
measured from the endocardium of the interventricular sep- 
tum to the endocardium of the posterior wall at the time of the 
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'ABLE | | 

iummary of Clinical, Noninvasive and Hemodynamic Data 

Case Age (yr) Grade NYHA Dd PEPI LVETI PEP/ LVEDP PCW,, PA 

- no. & Sex (MR) Class Dig. Etiology %AD (mm) (msec) (msec) LVET (mmHg) (mm Hg) (mm Hg) 

k Group | (%AD 30 percent or more) 
67M Hl Hl Yes PMV 42 63 131 381 0.39 11 12 22 
40M Hl | No PMV 32 57 124 420 0.32 13 8 14 
26M Hl | No PMV 39 50 130 379 0.40 4 5 9 
22M IV II No Post IE 35 57 164 410 0.48 6 5 13 
54M Hl H Y es RHD * RC 40 75 145 380 0.44 14 16 24 
16F IV IV Y es RHD * RC 61 57 117 343 0.40 8 — 37 
18F H H No PMV 38 47 134 395 0.38 5 4 13 
46F HI Hl No PMV 39 51 114 367 0.46 12 16 24 
51M Hl Hl Yes PMV 49 68 137 391 0.41 18 25 36 
61M Hl H Y es Post IE 34 47 140 391 0.40 18 23 33 
63F IV H1 Yes PMD 34 58 150 407 0.43 0 5 20 
48F Il H Y es Unknown 36 59 174 380 0.48 14 15 19 
40M IV Hl Y es Post IE 38 63 133 406 0.40 18 26 40 
60F Hl I Yes PMV 46 52 163 395 0.46 11 8 12 
52M I VI Yes PMD 31 55 142 371 0.45 17 17 22 

40 57 140 388 0.42 11.3 13 22.5 
+2.0 +2.0 +4.4 +5.0 +0.01 t1.4 +3.4 t2.6 





64M Hl Hl Yes PMV 23 71 183 359 0.72 10 10 23 
51M Hl IV Y es Unknown 27 51 145 369 0.53 15 30 63 
45F Hl H Y es RHD * RC 26 70 186 370 0.68 16 14 32 
49M Hl Hl Yes PMD 26 65 146 358 0.53 34 28 38 
25F Hl Hl Yes RHD 29 58 163 369 0.67 7 15 16 
63M Hl IV Yes PMV 19 63 191 374 0.64 11 13 23 
69M Hl Hl Y es RHD 22 60 182 374 0.67 7 10 16 
25 63 171 368 0.63 14.3 17.1 30.1 


t1.3 t2.7 +7.4 £25 +0.03 +3.5 t3.1 +6.2 


E —————————————————————————————————————————————— 
Dd = left ventricular end-diastolic diameter; Dig. = maintenance digitalis therapy; LVEDP = left ventricular end-diastolic pressure; LVETI = 
left ventricular ejection time index; MR = mitral regurgitation; NYHA class = New York Heart Association functional class; PAm = mean pul- 
monary arterial pressure; PCW,,, = mean pulmonary wedge pressure; PEPI = preejection period index; PEP/LVET - ratio of preejection period 
to left ventricular ejection time; %AD = percent change in minor axis diameter; PMD = papillary muscle dysfunction due to coronary artery dis- 
vase; PMV 7^prolapsed mitral valve; Post IE = postinfective endocarditis; RC = ruptured chordae tendineae; RHD = rheumatic heart disease; 
SEM = stándard error of the mean. 
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TABLE Il 


Data in 25 Normal Subjects and 22 Patients With Mitral Regurgitation (mean + standard error of the mean) 


Cases 


PERI TRIE PL 


a 
VENTRICULAR PERFORMANCE IN MITRAL REGURGITATION-— WANDERMAN ET AL. | 


— — - 
DAGA SUME CT 


SF's E. ME, v FUE DOS XC > a EN E 


LVETI* l 
(msec) PEP/LVET - 


PEPI 
(msec) 


Dd 
(mm) 


PERLCTOUT————————————————— ———  —— À— MÀ — a ee es et en CS 


(no.) %AD 
A. Normal 25 34+0.4 
B. Mitral regurgitation 
1. Group | (%AD2>30) 15 40 + 2.0 
2. Group II (%AD<30) 7 25+1.3 
P Value 
A vs. B, «0.001 
A vs. B, «0.001 
B, vs. B, «0.001 





* Significance of data corrected for sex difference in groups. 


d 

46 + 1.0 131 2.1 405 + 3.0 0.36 + 0.007 | 
57 + 2.0 140+ 4.4 388 + 5.0 0.42 + 0.01 . 
63 + 27 171+ 74 368 * 2.5 0.63 + 0.03 
<0.001 <0.05 <0.001 <0.001 
<0.001 <0.001 <0.001 «0.001 — 
NS «0.001 «0.01 «0.001 


NS = not significant; P = probability; other abbreviations as in Table }. 


peak deflection of the QRS complex. The end-systolic diam- 
eter (Ds) was measured as the point of closest approximation 
of the interventricular septum and the posterior wall echoes 
in systole. The percent change in minor axis diameter (%AD) 
was calculated as Dd — Ds X 100/Dd. None of the patients had 
absent, atypical or paradoxical septal motion. The mean rate 
of circumferential shortening during ejection was not 
measured in this study because the motion of the left ven- 
tricular minor axis in mitral regurgitation begins before the 
onset of ejection. 

The echocardiographically determined percent change of 
the left ventricular minor axis diameter (%AD) was used to 
classify the patients into two groups. The point of division was 
taken as %AD of 30 percent, which represents the lower limit 
of the normal distribution (2 standard deviations below the 
mean for normal subjects) in our laboratory. Group I consisted 
of 15 patients with a normal or increased %AD (30 percent or 
more). Group II consisted of 7 patients with a decreased %AD 
(less than 30 percent). Seventeen patients were receiving 
maintenance digitalis therapy. All five patients not receiving 
digitalis were in Group I. 

Normal control group: Statistical comparisons were made 
with the aid of a Hewlett-Packard deskside computer (model 
9810A). To validate the methodologic approach and the nor- 
mal data range, 25 persons (10 female, 15 male) without car- 
diac disease were studied at the same time as the patients. The 
data in these normal subjects were within previously pub- 
lished norms for systolic time intervals!? and echocardi- 
ographic measures.*11.1? 

Cardiac catheterization: All patients underwent right and 
left cardiac catheterization within 7 days of the noninvasive 
studies. Cineangiograms of the left ventricle were obtained 
in the right anterior oblique view, and those of the ascending 
aorta in the left anterior oblique view. Selective coronary 


cineangiograms were obtained in the left and right anterior 
oblique views in all patients with use of either the Sones or 
Judkins technique. No patient demonstrated angiographic 
evidence of aortic valve disease. In the three patients found 
to have significant coronary artery disease (50 percent or. 
greater narrowing of the luminal diameter of one or more 
coronary arteries), the mitral regurgitation was attributed to 
papillary muscle dysfunction. None of the other patients. 
demonstrated narrowing of 50 percent or more in any artery. 
Because of the large size of the ventricle in most of the pa- 
tients, angiographic i imaging of the entire chamber could not ; 
be obtained in a single frame during diastole so that acarat 
ejection fraction measures were precluded. 

The extent of mitral regurgitation was graded from the left. 
ventricular cineangiocardiogram on a scale of I to IV. Grade 
I was defined as faint opacification of the left atrium during - 
left ventricular systole that cleared completely during diastole; : 
grade IV was defined as complete opacification of the left 
atrium during the first left ventricular systole; intermediate 
degrees were graded II or III. Two patients were found to have - 
grade II mitral regurgitation; all others had grade III or IV. 


Results 5 


The clinical, noninvasive and hemodynamic data for 
the 22 patients are summarized in Table I. The average 
data for normal persons and the patients of Groups I 
(%AD 30 percent or more) and II (%AD less than 30 per. 
cent) are summarized in Table II. 

When compared with normal data, the mean pre- 
ejection period index (PEPI) was prolonged and left 
ventricular ejection time (LVETI) was diminished in 
both groups of patients. The former index was longer 
and the latter more abbreviated in Group II than in 





.90 


PEP/LVET 


.60 .fO .80 


FIGURE 1. Distribution of ratio of preejection period and left ventricular ejection time (PEP/LVET) among patients with mitral regurgitation. Solid 
circles represent patients in Group | (percent change in minor axis diameter [96 AD] 30 percent or more); open circles represent p ieats in 


Group Il (96 AD less than 30 percent). 
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Group I. The mean PEP/LVET ratio was increased in 
both groups and significantly greater in Group II than 
in Group I. The mean end-diastolic diameter (Dd) was 
E in both groups. The difference in Dd between 
Groups I and II was not statistically significant. Seven 
of the 15 patients in Group I had a *supernormal" %AD 
(38 percent or more). Among these 7, the mean pre- 
ejection period index and mean PEP/LVET ratio were 
increased whereas the mean left ventricular ejection 
time was decreased significantly (P «0.01). 

- The distribution of the PEP/LVET ratio relative to 
‘% AD in the two groups is shown in Figure 1. PEP/ 
LVET was less than 0.50 in all patients in Group I and 
greater than 0.50 in all patients in Group II. All patients 
with a normal PEP/LVET ratio had a normal or su- 
pernormal %AD. 

_ The relation of PEP/LVET to % AD among all pa- 
tients is illustrated in Figure 2 together with the range 
of 2 standard deviations for %AD and PEP/LVET for 
the 25 normal subjects. Previous studies!! have shown 
an inverse relation between PEP/LVET and %AD in 
patients with coronary artery disease without mitral 
valve involvement.!! Our patients with mitral regurgi- 
tation demonstrated an inverse relation between %AD 
and PEP/LVET; however, the range of their data was 
higher and to the right of that found among normal 
persons and in the previously studied patients without 
mitral valve disease. Thus, although the PEP/LVET 
ratio increased as %AD decreased in patients with mitral 
regurgitation, the PEP/LVET ratio for any level of %AD 
tended to be higher than that found in patients with 
‘isolated left ventricular disease. Among undigitalized 
patients with mitral regurgitation, the data were dis- 
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| FIGURE 2, Relation of % AD to PEP/LVET ratio among 22 patients 
with mitral regurgitation. Cross' bars represent mean + 2 standard 
. deviations for % AD and PEP/LVET among normal subjects. 
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tributed in the same manner as for patients receiving 
maintenance digitalis therapy. 

The hemodynamic data (Table I) revealed no sig- 
nificant differences between the two groups of patients 
with mitral regurgitation in mean left ventricular end- 
diastolic pressure, mean pulmonary capillary wedge 
pressure or mean pulmonary arterial pressure. No close 
correlation between these hemodynamic measures and 
the echocardiographic and systolic interval data were 
observed. 

Discussion 

Systolic time intervals in patients with mitral re- 
gurgitation vary widely from normal to markedly ab- 
normal. Interpretation of these data has been difficult 
because until now it has been impossible by noninvasive 
means to segregate the independent influence of mitral 
regurgitation from that due to diminished left ventric- 
ular contractile performance. Thus, prolongation of the 
preejection period and abbreviation of the left ven- 
tricular ejection time, with a consequent increase in 
PEP/LVET, may result from either the dynamic effects 
of mitral regurgitation or the influence of diminished 
intrinsic contractile performance of the left ventricle. 
The availability of echocardiographic methods for as- 
sessing the contractile performance of the left ventric- 
ular chamber, through measurement of changes in the 
excursion of the minor axis during systole, offers a new 
noninvasive approach to the analysis of left ventricular 
chamber performance in mitral regurgitation. Changes 
in the extent of motion of the diameter of the left ven- 
tricle have been shown to correlate well with overall left 
ventricular chamber performance assessed angio- 
graphically by measurement of the left ventricular 
ejection fraction in patients with cardiac valve dis- 
ease.^ 7 It was on this basis that the percent change in 
minor axis diameter (%AD) was used to distinguish 
those patients with mitral regurgitation and good left 
ventricular function (%AD 30 percent or more) from 
those with diminished left ventricular performance 
(%AD less than 30 percent). 

Relation of systolic time intervals and echocar- 
diographic measurements: When compared with 
normal values, the mean preejection period index was 
lengthened, the mean left ventricular ejection time was 
abbreviated and the mean PEP/LVET ratio was in- 
creased among the patients with mitral regurgitation. 
When the patients were classified into those with nor- 
mal or supernormal %AD (Group I) and those with di- 
minished %AD (Group II), it became apparent that the 
latter had greater prolongation of the preejection period 
index and greater shortening of left ventricular ejection 
time and a greater increase in PEP/LVET. These group 
differences were associated with no significant differ- 
ence in mean left ventricular end-diastolic diameter. 
Thus, when systolic performance is relatively well 
compensated in patients with mitral regurgitation, there 
is commonly a prolongation of the preejection period, 
abbreviation of the left ventricular ejection time and an 
increase in PEP/LVET. When mitral regurgitation is 
complicated by diminished left ventricular systolic 
performance, the changes in systolic intervals are ac- 
centuated and occur in virtually all patients. These 
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studies also suggest that the relation between systolic 
time intervals and left ventricular chamber performance 
as reflected in the measurement of change in minor axis 
diameter is relatively uninfluenced by digitalis ad- 
ministration. 

It is important to recognize these relations in the in- 
terpretation of the systolic time intervals in patients 
with mitral regurgitation. Our data indicate that if 
PEP/LVET is greater than 0.5 in patients with mitral 
regurgitation there is a great probability that left ven- 
tricular performance is depressed. On the other hand, 
a normal PEP/LVET ratio in patients with isolated 
mitral regurgitation suggests that left ventricular per- 
formance probably is well compensated. It is to be noted 
that the range of systolic time intervals in the patients 
with mitral regurgitation reported herein are virtually 
the same as those observed in the studies by Kitchiner 
et al.,!? wherein the systolic intervals were corrected for 
heart rate and the state of digitalization. 

Factors influencing systolic time intervals: As 
noted previously, at least two factors influence the 
systolic time intervals in patients with severe mitral 
regurgitation: (1) the mechanical effect of a sustained 
degree of mitral regurgitation, and (2) the intrinsic 
performance of the left ventricular myocardium. It is 
probable that in the compensated left ventricle, the 
mechanical effect of mitral regurgitation (in which a 
significant portion of left ventricular volume is ejected 
into the left atrium during the preejection phase of 
systole) results in a diminished rate of left ventricular 
pressure development during the preejection period. As 
a result, the preejection component of systole is pro- 
longed whereas the ejection phase is abbreviated com- 
mensurately. The shortening of left ventricular ejection 
time can be accounted for, in addition, by a diminished 
shortening capacity of the left ventricular fibers, since 
ventricular contraction begins before the onset of aortic 
ejection.!4 In addition to the mechanical effects of mitral 
regurgitation, alterations in contractile performance of 
the ventricle may diminish the rate of left ventricular 
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force developed for any given ventricular systolic load. 
Such an alteration in contractile performance may re- 
sult in further diminution in the rate of left ventricular. 
pressure development, thus accentuating the prolon- 
gation of the preejection phase and the shortening of left 
ventricular ejection time. 3 

Factors influencing echocardiographic mea- 
surements: The mean end-diastolic diameter of the left. 
ventricle (Dd) was generally increased in the patients 
with mitral regurgitation, frequently in the presence of 
normal or only mildly elevated ventricular end-diastolic 
pressures. These data are consistent with previous ob- 
servations demonstrating that the left ventricular 
end-diastolic volume may be increased in mitral re- 
gurgitation in the presence of normal or only slightly 
increased diastolic ventricular pressure.!?/!6 Further, 
the increase in end-diastolic diameter was often asso- 
ciated with a normal or supernormal %AD. Thus, ab- 
normal left ventricular performance cannot be recog- 
nized in mitral regurgitation solely on the basis of dia- 
stolic volume or pressure dimensions of the left ventri- 
cle, or both. 

Clinical implication: The measurement of percent 
change in minor axis diameter of the left ventricle from 
the echocardiogram and the calculation of the PEP/ 
LVET ratio from systolic time interval measurements 
provide an effective means of assessing overall left 
ventricular performance in patients with mitral regur- 
gitation. The PEP/LVET ratio, which is often increased 
because of the mechanical effects of mitral regurgitation 
as such, remains a useful measure if it is recognized that 
the point of separation between normal and abnormal 
left ventricular chamber performance occurs at a higher 
level (0.50) than in patients without mitral valve disease. 
The finding of a normal PEP/LVET in patients with 
mitral regurgitation suggests that left ventricular per- 
formance is well preserved. The measurement of the 
diastolic diameter alone affords little aid in interpreting 
the changes in cardiac performance in patients with 
mitral regurgitation. 
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To establish the reliability of echocardiography in making the diagnosis 
of mitral anular calcification 10 consecutive patients with dense echoes 
at the mitral anular area were examined fluoroscopically, using an image 
intensifier. Nine of these had distinct mitral anular calcification. The 
echocardiographic reliability thus confirmed, 30 cases with similar findings 
were reviewed and the total group of 40 cases were used to define the 
echocardiographic spectrum of mitral anular calcification. This lesion 
extended variably from the anulus to involve the posterior left ventricular 
wall, mitral valve leaflets, aortic root, aortic valve and interventricular 
septum. The pleomorphic echocardiographic findings introduce difficulties 
in the diagnosis of pericardial effusion and mitral stenosis. Echocardi- 
ography is a reliable method of diagnosing mitral anular calcification, but 
care must be taken to avoid confusing this condition with others it re- 
sembles. 


Calcification of the mitral valve anulus has been described both clinically 
and pathologically,!~4 its antemortem identification depending on the 
radiologic presence of a C- or J-shaped density within the cardiac sil- 
houette! (Fig. 1). We believe that the echocardiogram is now a sensitive 
tool for diagnosing this lesion. In this report we describe the extensive 
echocardiographic spectrum associated with calcification of the mitral 
anulus and review the clinical data of patients with this abnormality. 
We also touch on the diagnostic difficulties in the presence of mitral 
anular calcification. 


Materials and Methods 


There were two groups of patients: Group A, 10 patients studied prospectively, 
and Group B, 30 patients studied retrospectively. 

Group A: A dense echo at the atrioventricular (A-V) junction, behind the 
anterior leaflet of the mitral valve and in front of the posterior ventricular en- 
docardium, was considered evidence of mitral anular calcification. To validate 
this observation, 10 consecutive patients with this echocardiographic finding 
were evaluated prospectively by means of review of history, physical examination, 
phonocardiography, electrocardiography, and cardiac fluoroscopy with an image 
intensifier. 

Group B: By virtue of the results obtained in Group A, we reviewed the 
echocardiograms of the 833 patients who underwent this study at this laboratory 
from October 1973 to August 1975. Thirty additional patients with echocardi- 
ographic stigmata of calcified mitral anulus were found. Because findings in the 
patients in group A and group B did not differ, all patients were considered ho- 
mogeneous, and their charts were reviewed for pertinent clinical, roentgeno- 
graphic and electrocardiographic data. 

All echocardiograms were obtained with a Hoffrel 101C Ultra-Sonoscope, a 
Honeywell 1856 Visicorder, and a 2.25 megahertz 0.5 inch (1.27 cm) transducer 
focused at 7.5 or 10 cm. The standard longitudinal sweep technique of Feigen- 
baum? was used to record the echocardiogram in all patients. Phonocardiography 
was performed with an Irex 150 Continutrace multichannel recorder. 
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Results 


Echocardiographic Findings 


The 10 patients in Group A were studied prospec- 
tively to validate that the abnormal echo at the A-V 
junction was due to calcification of the mitral anulus. 
Fluoroscopy of the heart with an image intensifier was 
used as the standard to compare the echocardiographic 
findings. Of the 10 patients, 9 had the typical fluo- 
roscopic signs of anular calcification. This finding 
supported the hypothesis that the abnormal echo at the 
A-V junction is due to calcification of the mitralanulus. 
As mentioned, the 10 patients prospectively studied as 
well as 30 additional patients found by retrospective 
review of echocardiograms were then considered a single 
group. All 40 patients had an intense echo at the A-V 
junction behind the posterior aortic root-anterior mitral 
leaflet continuum (Fig. 2). 

In 10 of the 40 patients the bright mitral anular 
echoes were generally localized to the area behind the 


FIGURE 1. Chest X-ray film (overexposed) demonstrating 
the J-shaped density (arrow) within the cardiac sil- 
houette. 
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posterior aortic root-anterior mitral leaflet contin d 
A longitudinal sweep of the transducer demonstrated 
abrupt cephalad termination of the echoes at the A-V 
junction in seven of these patients and in the left atrium 
in the other three. When the transducer was directed 
caudally, the echoes faded into the echoes of the pos- 
terior left ventricular wall structures (Fig. 2). 
Posterior left ventricular wall involvement: In 
22 of the 40 patients, the bright mitral anular echoes 
maintained their intensity as the transducer was swept 
caudally into the left ventricular posterior wall struc- 
tures, continuing for variable distances into the left 
ventricular chamber behind the posterior mitral leaflet 
before joining the posterior papillary muscle (Fig. 3). 
Eleven of these patients had associated calcification of 
the aortic valve and root. A discrete noncalcified or 
nonthickened posterior mitral leaflet could be sepa- 
rately identified in 5 of these 22 patients with posterior 
wall involvement. This leaflet remained adjacent to the 
mitral anulus and the posterior left ventricular wall with 





FIGURE 2. M mode echocardiogram showing ERE = — 


mitral anular calcification. Calcification is re- 
stricted to the base of the left ventricle at the 
atrioventricular junction. Distinct noncalcified 
structures can be identified as the transducer 
is swept from the left atrium toward the apex 
of the left ventricle. AMV = anterior mitral 
valve leaflet; CT — chordae tendineae; IVS — 
interventricular septum; LA = left atrial cavity; 
LV = left ventricular cavity; MA = mitral anu- 
lus; PMV = posterior mitral valve leaflet; PW 
= posterior left ventricular wall; RV = right 
ventricular cavity. Time lines = 1 second. 
Stroboscopic dots = 1 cm tissue depth. 
Electrocardiogram is on top. 
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a reduction of the amplitude of the posterior mitral 
leaflet motion (Fig. 3). On the other hand, a discrete 
posterior mitral leaflet could not be identified in the 17 
remaining patients, since all the posterior wall struc- 
tures formed an inseparable mass of echoes extending 
from the mitral anulus toward the apex of the left ven- 
tricle (Fig. 4). 








The motion of the thickened and calcified mitral 
anulus generally paralleled that of the left ventricular 
posterior wall and aortic root. Initial systolic posterior 
movement coincidental with isovolumetric contraction 
of the left ventricle was followed by anterior motion that 
reached its apex simultaneously with the maximal ex- 
cursion of the posterior left ventricular wall (Fig. 4). 


FIGURE 3. The anular calcification extends from the 
mitral anulus (MA) into the left ventricle. Discrete struc- 
tures in the left ventricle can still be identified. The mitral 
anular calcification begins abruptly at the atrioventricular 
junction (arrow 1). A distinct posterior mitral leaflet (PMV) 
can be identified with a thick mass of calcification behind 
it (arrow 2). The calcification extends into the region of 
the posterior papillary muscle (PPM) (arrow 3). Elec- 
trocardiogram is on top. Abbreviations as in Figure 2. 
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FIGURE 4. The anular calcification begins 
abruptly in the left atrium (LA) and extends into 
the posterior wall (PW) of the left ventricle. 
Identification of the posterior mitral leaflet, left 
ventricular endocardium, chordae tendineae 
and posterior papillary muscle is obscured. 
Abbreviations as in Figure 2. 


FIGURE 5. The mitral anular calcification ends at the 
atrioventricular junction. Calcification of the aortic root, 
aortic leaflets (arrows) and interventricular septum (IVS) 
is not continuous with the mitral anulus (MA) in this 
sweep. PAW - posterior aortic wall. 
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When the early systolic posterior notch was absent, 
which it occasionally was, the mitral anular movement 
resembled a sine wave (Fig. 3). In patients with a small 
left ventricular chamber, the systolic excursion of the 
mitral anulus impinged on the mitral valve leaflets and 
appeared to thrust them anteriorly, toward and against 
the interventricular septum, thereby narrowing the 
echocardiographic appearance of the left ventricular 
outflow tract (Fig. 4). 

Involvement of aortic structures: In the remaining 
eight patients the extent of the calcification was limited 
to the mitral anulus and aortic structures. This gave a 
total of 19 patients who had thickening and calcification 
of the aortic structures in addition to the mitral anulus. 
Continuity of the intense echoes from the mitral anulus 
to the aortic leaflets or root could be demonstrated in 
only five patients (Fig. 5 and 6). The patients with cal- 
cification of the aortic valves showed a significant av- 
erage reduction in the maximal systolic opening of this 
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valve (8.6 + 5.3 mm standard deviation) when compared - 
with those patients who had no calcification of the aortic. 
valve (14 + 3.3 mm standard deviation) (P <0.005). Ten 
of the 17 patients had a maximal opening of less than 
10 mm, which meets the echocardiographic criterion for. 
aortic valve stenosis. 

Involvement of mitral leaflets: The diastolic clos- 
ing slope of the anterior mitral valve leaflet (E-F slope) 
showed great variation, ranging from 10 to 150 (average 
63) mm/sec. Four patients had calcification of the an- 
terior leaflet of the mitral valve. In four of the eight 
patients who demonstrated an E-F slope of 35 mm/sec 
or less, the E point of the anterior mitral leaflet im- 
pinged on the interventricular septum and remained 
against it during the initial portion of diastole. Three 
of these four patients also had concentric hypertrophy 
of the left ventricle with a small internal diastolic di- 
mension. These four patients had no thickening or re- 
duplication of the anterior mitral leaflet and they did 





FIGURE 6. Calcification of the mitral anulus 
(MA) extending into the posterior aortic wall 
(PAW). This sweep demonstrates continuity of 
the calcification. 


FIGURE 7. Echocardiograms demonstrating 
reduction in E-F slope. A, the E-F slope is 
markedly reduced but the anterior mitral valve 
leaflet (AMV) is not thickened. The posterior 
mitral valve leaflet (PMV) moves slightly pos- 
teriorly in early diastole, paralleling the motion 
of the calcified mitral anulus (MA). B, the E-F 
slope is reduced and the mitral valve seems to 
be encased by a calcified anulus posteriorly 
and possibly calcified chordae tendineae an- 
teriorly. The posterior leaflet has a distinct 
posterior excursion in early diastole. 
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not meet other echocardiographic criteria for mitral 
stenosis (Fig. 7). The other four patients with a greatly 
reduced E-F slope, thickening and reduplication of the 
anterior mitral leaflet better met the general criteria for 
mitral stenosis. However, the posterior mitral valve 
leaflet did not move anteriorly in diastole in any of the 
patients, despite the reduction of the E-F slope and 
reduplication of the anterior mitral leaflet. Only one 
patient was thought to have mitral stenosis clinically. 
There was also calcification of the anterior mitral leaflet 
in one patient who had a normal E-F slope. 

_ Left ventricular dimensions: Although the car- 
diothoracic ratio was enlarged on chest X-ray film in 31 
patients, the left ventricular internal diameter, as 
measured with echocardiography, was enlarged in only 
11 patients (58 mm or more). The left ventricular wall 
and interventricular septal thickness were enlarged in 
more than half of the cases, suggesting concentric hy- 
pertrophy of the left ventricle without undue dilatation. 


Clinical Data 


The average age of the group of 40 patients was 73 
years (range 50 to 89 years). ‘There were 32 women and 
eight men. 

— Cardiac murmurs: The patients had various diag- 
noses including coronary artery disease (13), hyper- 





FIGURE 8. The variety of murmurs recorded phonocardiographically. 
A, there are systolic ejection murmurs at the apex and aortic area. The 
carotid pulse (CP) tracing shows evidence of aortic valve stenosis. B, 
a decrescendo systolic murmur at the apex. C, a holosystolic murmur 
at the apex. D, a systolic murmur with an early crescendo-decrescendo 
configuration and a late crescendo t at the apex. E, a systolic 
ejection murmur at the apex and base, and a diastolic decrescendo 
murmur at the apex. The carotid pulse suggests aortic valve stenosis. 
F, a holosystolic murmur at the apex, which is transmitted to the base. 
The apical murmur seems to extend into the transmitted pulmonary 
closure sound. Thus it is possibly an early diastolic murmur. ECG — 
electrocardiogram; LSB = left sternal border; RSB = right sternal 
border; 2 IGS = second intercostal space. 





tensive cardiovascular disease (7), aortic stenosis (6), 
both valvular and subvalvular, mitral insufficiency (5), 
aortic insufficiency (1), combined cardiac valve disease 
(3), alcoholic cardiomyopathy (1), uremia (1) and vari- 
ous disorders of rhythm (26). However, because most 
patients were referred to the echocardiographic labo- 
ratory for evaluation of systolic murmurs, there was a 
built-in bias, resulting in an extremely large incidence 
of systolic murmurs (35). These were varied in location, 
radiation, character and duration (Fig. 8). Most patients 
had a harsh, nonholosystolic or systolic ejection murmur 
at the apex or the right sternal border at the second 
intercostal space or the left sternal border at the fourth 
intercostal space. Five patients had an apical holosys- 
tolic murmur, whereas 12 had more than one systolic 
murmur. Eight of the 10 patients with reduced aortic 
valve motion had a systolic ejection murmur along the 
right sternal border at the second intercostal space. Five 
patients had a diastolic murmur. 

Radiologic findings: The chest X-ray films were 
reviewed by an independent, observer who noted calci- 
fication of the mitral anulus in 13 cases. Notably, of the 
10 patients who manifested calcification of the mitral 
anulus on fluoroscopy (9 in group A and 1 in group B), 
only 5 had evidence of calcification in the routine chest 
X-ray film. Cardiomegaly was present in 31 patients. 

Electrocardiographic findings: Most patients had 
an abnormal electrocardiogram demonstrating myo- 
cardial infarction (13), left ventricular hypertrophy (13), 
atrial fibrillation (13) or conduction defects (14). Of the 
14 patients with conduction defects, 10 had first degree 
A-V block, 4 had left bundle branch block, 6 had left 
anterior hemiblock and 2 had both left anterior hemi- 
block and right bundle branch block. 


Discussion 


Mitral anular calcification has been described ex- 
tensively in pathologic studies and in several clinical 
reports.!-? In addition to cardiac fluoroscopy, echo- 
cardiography appears to be a sensitive technique for 
diagnosing this condition. The clinical significance of 
the lesion depends in part on the extent of functional 
interference of the mitral valve, associated valvular 
aortic stenosis, idiopathic hypertrophic subaortic ste- 
nosis and involvement of the conduction system. 
However, the echocardiographic significance encom- 
passes a wider spectrum, for this lesion may simulate 
other types of heart disease. The patient with calcifi- 
cation of the mitral anulus also frequently has a murmur 
that suggests valvular or subvalvular aortic stenosis or 
mitral insufficiency. The echocardiogram may differ- 
entiate between these lesions or demonstrate that more 
than one lesion is present. 

Comparison of pathologic and echocardiographic 
findings: Pathologic study of mitral anular calcifica- 
tion? locates most deposits of calcium in the posterior 
portion of the anulus, which may extend into the left 
atrium and into the left ventricle behind the mitral 
valve leaflets. The deposits of calcium may be 1 to 3 cm 
in diameter and project as far as 3.5 cm into the adjacent 
myocardium. The interventricular septum is usually less 


840 ^ December 1976 The American Journal of CARDIOLOGY Volume 38 


+ ORE FE ARGIS CHIETI Sn ET IT TEN 


severely involved. Korn et al? noted calcium deposits 
in the anterior mitral leaflet, but not in the posterior 
leaflet. However, there was thickening of both leaflets 
with some commissural adherence of the leaflets where 
they underlay the anulus. In particular, the posterior 
leaflet was raised by the calcium deposit, thus causing 
interference with valve function. Fertman and Wolff! 
using a more sensitive technique described three pa- 
tients who had extension of the anular calcification into 
both leaflets. 

Data from the autopsy studies and our echocardi- 
ographic studies compare favorably with reference to 
the location and extent of calcification in the mitral 
anulus!-? because the densest echoes come from the 
posterior portion of the mitral anulus and frequently 
extend into the left ventricular apex. The posterior 
mitral leaflet does have its motion restricted, and is 
often drawn tightly against the calcium deposits of the 
anulus so that it is not visualized as a separate structure. 
In systole both leaflets are occasionally pushed forward 
by the massive deposits of calcium, perhaps com- 
promising the size of the left ventricular outflow 
tract. 

The pathologic studies as well as our studies dem- 
onstrate calcification of the aortic leaflets. The higher 
incidence rate of aortic calcification (48 percent) in our 
patients probably represents the greater sensitivity of 
the echocardiogram in detecting calcification. The de- 
gree of aortic stenosis has not been mentioned pre- 
viously. Our demonstration of decreased maximal 
opening of the aortic valve when that valve is calcified 
suggests that calcific aortic stenosis and calcification of 
the mitral anulus are related. This view is further sup- 
ported by studies demonstrating that the calcification 
is of the same histologic type in both lesions!-? and 
probably represents a similar degenerative process. 

In one patient in group A anular calcification was not 
evident on fluoroscopic examination. À possible ex- 
planation may be that echocardiography is a more 
sensitive technique than fluoroscopy. Alternatively, the 
dense echoes from the mitral anulus, posterior mitral 


FIGURE 9. Calcified mitral anulus mimicking 
a pericardial effusion. The clear space behind 
the calcified mitral anulus (MA) may be mis- 
taken for a pericardial effusion. The anular 
calcification extends to the left atrial wall 
(arrow). LA = left atrial cavity; PW = pos- 
terior left ventricular wall. 
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leaflet, chordae tendineae and posterior papillary 
muscle may in some instances represent fibrous thick- 
ening rather than calcification. 

Associated cardiac diseases: Our patients had 
various cardiovascular diseases, as expected in an el- 
derly group of patients. These diseases are not neces- 
sarily related to anular calcification. Coronary heart. 
disease and hypertensive cardiovascular disease, as in- 
previous reports, were most prevalent. Associated mitral 
insufficiency could not be fully assessed because an. 
apical murmur or cardiac enlargement does not neces- 
sarily indicate the extent of mitral insufficiency in this 
type of patient and cardiac catheterization studies were. 
rarely performed. The frequency of calcific aortic ste- 
nosis associated with anular calcification suggests the 
similarity of the underlying degenerative process. The 
large incidence of conduction disturbances is striking. 
Age is a factor and may have its effect through the 
process of degenerative calcification extending from the 
anterior anulus into the interventricular septum in- 
volving the conduction system. 

Differentiation from pericardial effusion: The 
possibility of confusing mitral anular calcification with 
pericardial effusion has recently been reported.® This 
may occur when the anular echo is mistaken for the 
epicardium. The endocardial echo is frequently of low 
intensity and overlooked, which allows the space be- 
tween the anulus and true epicardium to appear echo- 
free. Several of our cases had this appearance. The 
distinction between this configuration and a true peri- 
cardial effusion could usually be made by following the 
anular echo to its abrupt cephalad termination. The 
epicardial echo of a true effusion does not end abruptly 
but joins the pericardium at the left atrial wall. We have 
noted a patient (not in this series) whose calcified mitral 
anulus extended to the posterior left atrial wall, thus 
making the distinction between pericardial effusion and 
anular calcification even more difficult (Fig. 9). 

Associated mitral stenosis and its echocardi- 
ographic diagnosis: The association of mitral stenosis 
with anular calcification has been appreciated by several 
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pathologists. The incidence is considerable; Korn et al.? 
found significant stenosis in 9 of 14, and slight stenosis 
in the remaining 5 patients with anular calcification. 
The echocardiographic diagnosis of mitral stenosis in 
these patients presents more of a problem. Reduction 
of the E-F slope alone is a notoriously poor criterion,? 
and assumes diagnostic qualities only when allied with 
thickening ard reduplication of the anterior mitral 
leaflet. The diagnosis is further enhanced if the poste- 
rior leaflet moves anteriorly in diastole, or at least has 
a reduced posterior diastolic excursion. The nature of 
the anular lesion predisposes to all these features to 
some extent. The E-F slope is reduced frequently by 
multiple factors in this elderly group of patients. They 
had a reduced diastolic left ventricular compliance, and 
the valve leaflets may be calcified. The excursion of the 
posterior mitral leaflet may also be reduced by the 
distortion of the calcium mass behind it or by fusion 
with this mass. Indeed, as Korn et al.? suggested, all 
these patients may have a degree of mitral stenosis and 
many may have significant obstruction to flow. In our 
series, only one patient fulfilled rigid echocardiographic 
criteria for mitral stenosis and he had a mixed mitral 
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lesion clinically. Clinical findings of mitral stenosis were 
absent in the patients with a severely reduced E-F slope. 
Careless interpretation of these echocardiograms may 
lead to the erroneous diagnosis of mitral stenosis in 
patients with anular calcification. The true association 
of mitral stenosis with anular calcification will probably 
remain obscure because these elderly patients are not 
candidates for casual cardiac catheterization, particu- 
larly in their relatively asymptomatic state. 

Clinical implications: The echocardiogram can be 
used to diagnose calcification of the mitral anulus. In 
patients with this condition it can help the clinician to 
account for systolic murmurs, find or exclude associated 
valve lesions and provide a rationale for conduction 
defects. The echocardiogram also permits partial as- 
sessment of associated disorganized wall motion and 
ventricular hypertrophy and dilation in elderly or ill 
patients. It allows a sophisticated approach in selecting 
therapy or more invasive investigations. The echocar- 
diographic lesion of calcified mitral anulus must be 
distinguished from pericardial effusion in order to avoid 
harming the patient with inappropriate therapy for a 
lesion that does not exist. 
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Left ventricular performance was assessed with echocardiography in 10 


normal subjects before and during maintenance therapy with digoxin (0.5. 


mg/day orally) in the basal state and after acute pressure loading with 


intravenously administered phenylephrine. During digoxin therapy, 


despite a decrease in mean heart rate of 5 beats/min in the basal state, 
mean left ventricular ejection fraction increased from 74 + 2 to 79 + 1 
percent (standard error, P «0.03); percent shortening of a left ventricular 
minor dimension increased from 37 + 2 to 41 + 1 percent (P <0.04) and 
the mean rate of left ventricular dimension shortening increased from 5.66 
+ 0.22 to 6.31 + 0.23 cm/sec (P = 0.05). During acute pressure loading 
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with phenylephrine there was no change in mean heart rate after digoxin . 


and mean ejection fraction increased from 69 + 3 to 75 + 2 percent; mean 
percent shortening increased from 33 + 2 to 38 + 2 percent; mean rate 


| 


of shortening increased from 5.46 + 0.32 to 6.48 + 0.33 cm/sec and mean | 
normalized rate of shortening increased from 1.11 + 0.06 to 1.29 + 0.05 © 
sec ! (all P <0.01). In a few subjects the response to digoxin did not - 
coincide with the mean data for the whole group. This variability was © 
largely due to difficulties in exactly matching heart rate between the © 
control and digoxin studies. These data (1) support the concept that — 
long-term oral digoxin therapy exerts a positive inotropic effect on the © 
normal left ventricle, and (2) demonstrate the usefulness of echocardi- | 
ography in noninvasive assessment of the effects of drugs on left ven- | 


tricular performance. 


There is little information concerning the effects of maintenance oral : 
digoxin therapy in normal human subjects because of the need for a 
noninvasive technique for directly evaluating left ventricular perfor- - 


mance. The echocardiographic assessment of left ventricular ejection 


phase indexes has been shown to correlate well with the cineangiographic _ 
determination of the same measures. ? These indexes are known to be — 
influenced by changes in heart rate and blood pressure,’ but not by al- 
terations in left ventricular end-diastolic volume.* Thus, if heart rate | 
and blood pressure are controlled, these echocardiographic measures - 
should be useful for assessing changes in left ventricular performance © 


induced by cardioactive drugs. For these reasons, we designed a protocol 


A 


to study the effects of maintenance oral digoxin therapy on echocardi- - 


ographic indexes of left ventricular performance in normal human 
subjects at rest and during acute pressure overloading. 


Methods 
Subjects and Procedure 


The study group consisted of 10 normal volunteers, 5 women and 5 men, aged © 
21 to 29 years. On their initial visit a complete history, physical examination, | 
serum creatinine determination, electrocardiogram and echocardiogramswere | 
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obtained. If these were normal, the study procedures and 
potential risks were described in detail, and the subjects 
‘signed an informed consent form approved by the University 
of California at San Diego Human Subjects Committee. 
_ On another day with the subject in the supine position an 
intravenous infusion of 5 percent dextrose and water was 
begun. Blood pressure was measured by cuff sphygmoma- 
nometer and a control echocardiogram was obtained. Heart 
rate was calculated from the simultaneously recorded elec- 
trocardiogram. After the heart rate response to increased ar- 
terial pressure was prevented by the administration of atro- 

pine (1 to 1.5 mg intravenously), a solution of phenylephrine 
(40 mg/liter) was infused over 5 to 10 minutes in a quantity 
sufficient to increase the systolic arterial pressure approxi- 
mately 40 mm Hg. While pressure was maintained at this 
level, another echocardiogram was obtained and the infusion 

| terminated. The total volume of fluid administered 

sip the entire study did not exceed 50 ml. 

_ After the control measurements were obtained, each subject 

ok digoxin, 0.5 mg daily for 10 to 14 days. Eight to 12 hours 

after the last dose of digoxin echocardiograms were again 

obtained in the basal and pressure-loaded state as described. 
At the same time, serum levels of digoxin were measured. All 
the digoxin levels were within the therapeutic range (mean 
11 ng/ml; 0.7 to 1.9 ng/ml), and no subject reported side ef- 
fects associated with administration of digoxin. 


b: 

Echocardiography 
f Echocardiograms were recorded with a Picker Ultraso- 
noscope utilizing a 2.5 megahertz transducer focused at 7.5 
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cm. Recordings were made on a Honeywell Visicorder, model 
1856, at a paper speed of 100 mm/sec. The electrocardiogram 
and the indirect carotid arterial pulse tracing were simulta- 
neously recorded in each patient. The “standard intercostal 
space" technique was employed to obtain reproducible 
echocardiograms of the endocardial surface of the left ven- 
tricle at the level of the chordae tendineae.9 The left ventric- 
ular end-diastolic dimension (EDD) was measured as the 
distance between the endocardial surface of the left side of the 
interventricular septum and the posterior wall at the peak of 
the R wave of the simultaneously recorded electrocardiogram. 
The end-systolic dimension (ESD) was measured as the 
smallest distance between these two surfaces even if the point 
of maximal excursion of each wall was not exactly opposed. 
Left ventricular ejection time (ET) was obtained from the 
simultaneously recorded indirect carotid pulse tracing. Util- 
izing these measurements the following calculations were 
made: 


Percent of the left ventricular volume ejected per beat (EF) 


EDD? — ESD? 
= MM X 
EF EDD? 100 percent [1] 
Percent shortening of the left ventricular dimension (AD) 
* EDD — ESD 
AD = ——————— 
ppp * 100 percent [2] 
Rate of left ventricular dimension shortening (DV) = 
EDD — ESD 
DV = ——————— 
ET i3 


Effect of Maintenance Oral Digoxin Therapy on Various Hemodynamic Measures in the Basal State and During Acute Pressure 


Overloading with Phenylephrine 








b Heart Rate Systolic Blood 
| (beats/min) Pressure (mm Hg) EF (96) AD (96) DV Va 
Case (t gram. rollt. — M O Emend area ros ii alle ili cae comer qa Rn oe cant zem CG 

k no. State Control Digoxin Control Digoxin Control Digoxin Control Digoxin Control Digoxin Control Digoxin 
Ik 1 B 69 63 112 98 76 84 38 46 5.39 2:49 1.16 1.42 
j P 99 102 152 150 73 77 35 38 6.00 8.00 1.26 1.34 
EB 2 B 75 65 108 118 60 76 26 38 4.64 6.60 0.94 1.34 
E | P 82 83 150 150 53 69 22 33 4.21 5.90 0.80 1.14 
E.3 8 54 55 100 120 74 79 37 40 6.14 6.69 141 1.22 
ý P 93 95 150 158 70 79 33 40 6.19 7.41 1.12 1.39 
E 4 8 63 62 107 108 78 78 40 39 6.5 5.62 1.23 1.21 
4 P 74 78 150 170 74 78 36 40 5.93 6.75 1.14 1.27 
E .5 B 70 54 92 90 67 78 35 40 4.98 5.34 1.14 1.21 
f P 88 87 148 144 62 77 28 39 4.25 6.06 0.98 1.37 
B. 6 B 73 66 108 116 82 78 44 40 5.94 5.74 1.37 1.24 
4 P 112 106 170 165 83 83 44 45 6.99 7.34 1.47 1.48 
E 7 B 66 62 108 104 75 79 37 41 5.88 6.15 1.23 1.33 
be P 110 101 150 150 63 62 28 28 4.38 4.32 1.00 0.92 
Ee. 8 B 81 82 104 105 69 874 34. ...97 4.73 5.54 1.07 1.29 
P 92 124 148 150 67 74 31 36 4.67 6.45 1.02 1.41 
m9 B 64 64 120 128 79 78 41 40 6.48 6.65 1.25 1.30 
1 P 104 94 158 158 74 73 36 35 6.32 5.79 1.21 1.18 
E 10 B 57 46 106 118 81 86 43 49 5.95 7.55 1.32 1.54 
G P 67 95 158 160 75 82 37 43 5.64 6.81 1.14 1.40 
-Mean B 67 62 107 111 74 79 37 41 5.66 6.31 1.24 1.31 

SE 3 3 3 4 2 1 2 1 0.22 0.23 0.06 0.03 
pP «0.02 NS «0.03 «0.04 -0.05 NS 
- . Mean P 93 97 153 156 69 75 33 38 5.46 6.48 1.11 1.29 
E SE 5 4 2 3 3 2 2 2 0.32 0.33 0.06 0.05 
E.P NS . NS «0.01 «0.01 «0.01 «0.01 





B= basal; AD = percent shortening of the left ventricular dimension; DV = rate of left ventricular dimension shortening; EF = percent of the 
left ventricular volume ejected per beat; NS = not significant; P = during pressure overloading; P = probability; SE = standard error; Vg = nor- 


malized*rate of left ventricular dimension shortening. 


*. 
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Normalized rate of left ventricular dimension shortening = 
_ EDD - ESD [4] 
EDD Xx ET 


All data were analysed by the paired Student's t test com- 
paring the control measures to the digoxin measures in each 
subject in the basal state and during acute pressure loading. 
Thus, each subject served as his or her own control. 


Results 


Group data (Table I): Jn the basal state, the mean 
resting heart rate decreased with digoxin from 67 + 3 
to 62 + 3 (mean + standard error) beats/min (P <0.02). 
However, mean systolic arterial pressure was not altered 
significantly. Despite this decrease in heart rate, mean 
ejection fraction increased significantly during digoxin 
administration (from 74 + 2 to 79 + 1 percent; P <0.03) 
as did mean percent shortening of left ventricular di- 
mension (from 37 + 2 to 41 + 1 percent; P <0.04) and 
mean rate of shortening (from 5.66 + 0.22 to 6.31 + 0.23 
cm/sec; P = 0.05). The mean normalized rate of short- 
ening was also increased with digoxin, but this change 
did not achieve statistical significance in the basal state. 
The mean end-systolic dimension decreased from 3.01 
+ 0.12 to 2.83 + 0.08 cm (P = 0.05), but there was no 
change in end-diastolic dimension or ejection time. 

During infusion of phenylephrine, mean heart rate 
and mean systolic arterial pressure were not signifi- 
cantly different between the control and digoxin mea- 
surements. Mean ejection fraction increased signifi- 
cantly after digoxin (from 69 + 3 to 75 + 2 percent; P 
<0.01) as did mean percent shortening of left ventric- 
ular dimension (from 33 + 2 to 38 + 2 percent; P <0.01), 
mean rate of shortening (from 5.46 + 0.32 to 6.48 + 0.33 
cm/sec; P <0.01) and mean normalized rate of short- 
ening (from 1.11 + 0.06 to 1.29 + 0.05 sec^!; P < 0.01). 
The mean end-systolic dimension decreased from 3.28 
+ 0.12 to 3.12 + 0.11 cm, but this change did not achieve 
statistical significance. There was no change in end- 
diastolic dimension or ejection time after digoxin. An 


Va 


FIGURE 1. Subject 2. A, Control echocardiogram during 
acute pressure loading with phenylephrine in the first 
study obtained in this subject. Heart rate = 82 beats/min, 
systolic blood pressure = 150 mm Hg, ejection fraction 
= 53 percent, percent shortening of left ventricular di- 
mension = 22 percent, rate of shortening = 4.21 cm/sec 
and normalized rate of shortening = 0.80 sec™!. B, 
Echocardiogram during digoxin therapy and acute pres- 
sure loading. Considerable improvement in left ventricular 
performance is demonstrated. Heart rate = 83 beats/min, 
systolic blood pressure = 150 mm Hg, ejection fraction 
= 69 percent, percent shortening = 33 percent, rate of 
shortening = 5.9 cm/sec and normalized rate of short- 
ening = 1.14 sec~'. CP = indirect carotid pulse tracing; 
E = posterior left ventricular wall endocardium; ECG = 
electrocardiogram; MV = anterior mitral valve leaflet; PC 
= posterior mitral valve leaflet chordae tendineae; S = 
interventricular septum. 
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example of the increase in left ventricular performance 
during digoxin therapy and acute pressure loading in — 
Subject 2 is shown in Figure 1. 
Individual data (Table I): Jn the basal state, 7 of 
the 10 subjects had a consistent improvement in all four 
ejection phase indexes of left ventricular performance 
during digoxin therapy. Subject 9 had improvement in 
the rate of left ventricular shortening and the normal- 
ized rate only, and Subjects 6 and 4 showed no im- 
provement. 
During acute pressure loading 7 of the 10 subjects 
showed consistent improvement in all four measures 
while receiving digoxin. Subject 6 demonstrated im- 
provement in the rate of shortening only, and Subjects 
7 and 9 showed no improvement. However, these three 
were the only subjects whose heart rate after digoxin | 
therapy was 6 or more beats/min lower during acute — 
pressure loading than in the control state. 
Reproducibility studies (Table II): Subjects 2 and 
3, whose four ejection phase indexes were consistently 
improved by digoxin therapy, repeated the study to 
assess any variability in the response of individual 
subjects studied at different times. Both again showed 
increased left ventricular performance during digoxin 
therapy in the pressure-loaded state. In the basal state 
Subject 2 again showed improvement, but Subject 3 did 
not. However, during the repeat study the heart rate of 
Subject 3 was 45 beats/min during digoxin therapy, 
which was considerably below both the repeat control 
value of 53 beats/min and the basal heart rate of 55 
beats/min during digoxin therapy in the first study. 
Subject 7 also repeated the study to delineate further 
the importance of accurately matching heart rate in the 
control and digoxin studies during acute pressure 
loading. In the first study, she did not demonstrate 
improved left ventricular performance with pressure 
loading during digoxin therapy, but her heart rate was 
9 beats/min less than the control value at the same 
blood pressure. During the second study, heart rate was 
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TABLE II 
Repeat Studies in Three Subjects 





Heart Rate Systolic Blood 





(beats/min) Pressure (mm Hg) EF (96) AD (96) DV Va 
Case 13 Xu DE PS) A Se A ie Re ey ET CLE T D ppc Jaa, me MEM NN C EMI LII cw meee T tig ache Pee Wap ca EG 
no. State Control Digoxin Control Digoxin Control Digoxin Control Digoxin Control Digoxin Contro! Digoxin 
2 B 63 55 100 106 64 78 29 40 5.30 7.00 1.01 1.28 
P 98 86 144 149 67 73 31 35 5.98 6.50 1.17 1.21 
3 B 53 45 106 116 82 "EI 44 39 7.44 6.25 1.27 1.18 
P 107 89 162 158 71 78 34 40 5.89 7.05 1.13 1.33 
7 B 66 65 108 106 73 73 36 35 5,51 5.46 1.10 1.20 
P 107 103 150 149 69 73 32 36 5.93 5.95 1.15 1.25 





_ Abbreviations as in Table I. 


Ehetter matched (difference 4 beats/min), and three of 
the four ejection phase indexes showed improvement 
- over control values during digoxin therapy. 


Discussion 


_ Intravenous versus oral administration of di- 
 goxin: The effect of digitalis preparations on the normal 
heart has been the subject of considerable controversy. 
Earlier studies using acute intravenous administration 
of digitalis demonstrated no consistent increase in 
_eardiac output in either normal subjects or patients with 
mitral stenosis.^? However, subsequent studies using 
more sensitive measures demonstrated increases in right 
and left ventricular performance after intravenous ad- 
ministration of digitalis.? In patients without congestive 
heart failure, the positive inotropic effect of acute dig- 
italis administration was probably masked by increased 
peripheral vasoconstriction, which prevented an aug- 
mentation in cardiac output. By contrast, patients with 
congestive heart failure demonstrate increased cardiac 
output and reduced peripheral vascular resistance after 
administration of digitalis.!? Therefore, the hemody- 
namic status of the patient is an important determinant 
of the net effect of digitalis on the heart and circula- 
tion. 
-. In normal subjects there may also be a difference in 
the effects of intravenous and long-term oral adminis- 
tration of digitalis. Vatner et al.!! demonstrated that 
digitalis given intravenously caused only minor positive 
‘inotropic effects in conscious animals with intact re- 
flexes compared with the major increases seen in anes- 
'thetized animals. However, Mahler et al.!? in our labo- 
ratory recently studied the effects of long-term digoxin 
administration in the conscious dog and demonstrated 
‘increases in several measures of myocardial perfor- 
‘mance in the resting state and during acute pressure 
loading. They postulated that decreased cardiac and 
circulatory reflexes during chronic digoxin adminis- 
tration may unmask the positive inotropic effects of the 
drug. 

Our results demonstrate that oral maintenance di- 
goxin therapy causes a modest but highly significant 
improvement in left ventricular performance in normal 
human subjects after acute pressure loading. This im- 
provement was largely due to improved systolic short- 
ening of the myocardium, since there were no changes 


in end-diastolic dimension or ejection time. These re- 
sults are in general agreement with previous data from 
our laboratory in normal conscious dogs.!? The magni- 
tude of the mean augmentation of the normalized rate 
of left ventricular dimension shortening during digoxin 
therapy as compared with the control rate during 
pressure loading was quite comparable: 26 percent in 
the previous study!? and 16 percent in this study. 
Similar but less marked changes were observed during 
the basal state in both studies. 

Heart rate as a source of variability: One possible 
source of variability in the response to digoxin in indi- 
vidual subjects was the inability to match consistently 
heart rates in control and digoxin periods. We have 
previously demonstrated the marked effect of changes 
in heart rate on various echocardiographic indexes of 
left ventricular performance? In the previously in- 
strumented conscious dog, heart rates were accurately 
matched with use of atrial pacing.!? The effect of non- 
matched heart rates was particularly evident in Subject 
3, who showed increases in all four measures of left 
ventricular performance during digoxin therapy in the 
first study when his heart rate was 54 beats/min during 
the control period in the basal state and 55 beats/min 
during digoxin therapy. During his second study all four 
measures were depressed when his heart rate was 45 
beats/min with digoxin compared with 53 beats/min in 
the control period. Furthermore, the three subjects 
whose heart rate was slower by 6 or more beats/min 
during digoxin therapy with acute pressure loading were 
the only inconsistent responders during this part of the 
study. Therefore, it is likely that variations in heart rate 
contributed to some of the inconsistent individual re- 
sults in this study. 

Other sources of variability: The complex effects 
of digoxin on the heart and peripheral circulation may 
also explain some of the variability it effects in some 
persons. In addition to heart rate, it was possible to 
control certain other variables more closely in the con- 
scious dog. For example, before pressure loading the 
dogs were given volume infusions to insure adequate 
venous return and prevent wide fluctuations in left 
ventricular end-diastolic pressure. Systemic vascular 
resistance was not measured in our study, but alter- 
ations in this variable are known to affect left ventric- 
ular performance and increases in vascular resistance 
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have been demonstrated with intravenously adminis- 
tered digoxin.!? If increased peripheral vascular resis- 
tance occurred during long-term oral digoxin therapy 
in some of our subjects, it may have negated any positive 
inotropic response to the drug. Similarly, changes in 
autonomic tone induced by digoxin or spontaneous 
variations in sympathetic nervous system activity for 
other reasons may have contributed to the inconsistent 
responses observed in some of our subjects. 

Use of echocardiography: Our results are also in 
general agreement with the observation that 0.5 mg/day 
of orally administered digoxin produced a significant 
decrease in the ratio of left ventricular preejection pe- 
riod to ejection time in patients with compensated heart 
disease, but no change in ejection time alone.!? 'This 
ratio is inversely related to ejection fraction determined 
angiographically.'4 However, by providing anatomic 
detail of a left ventricular minor diameter throughout 
the cardiac cycle, echocardiography can provide addi- 
tional measures of left ventricular performance that are 
potentially more useful than systolic time intervals for 
studying the effects of various drugs on the heart.!? The 
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reproducibility and accuracy of these echocardiographic 
measures have been demonstrated by others,!? and we 


3 


have confirmed these findings in our own laboratory 
(unpublished data). Recently, Gomes et al." demon- - 


strated improvement in several echocardiographic 
measures of left ventricular performance and size in 


addition to a reduction in the preejection period/ejec- 


tion time ratio in a few patients with congestive heart 
failure given digoxin orally. Delgado et al.!? found in 
normal subjects ingesting alcohol that echocardiography 
detected a small but significant decrease in left ven- 
tricular performance despite an increase in heart rate; 
they also found an increased preejection period/ejection 
time ratio. Furthermore, preliminary work from our 


laboratory!??9? has shown the utility of echocardiogra- - 


phy for studying the effects of other cardioactive agents. 


Thus, although great care must be taken to ensure re- 


producible conditions and high quality recordings in. 


each subject, we believe that echocardiography can 


provide reliable information on changes in left vensi 
tricular performance induced by cardioactive drugs such 


as digoxin. 
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Electrophysiologic studies were conducted in 21 patients with sinus nodal 
dysfunction before and after intravenous administration of 1 to 2 mg of 
atropine. The mean sinus cycle length (+ standard error of the mean) was 
1,171 + 35 msec before and 806 + 29 msec after administration of at- 
ropine (P <0.001). Mean sinus nodal recovery time determined at a paced 
rate of 130/min and maximal recovery time were, respectively, 1,426 + 
75 and 1,690 + 100 msec before and 1,169 + 90 and 1,311 + 111 msec 
after atropine (P «0.001 and <0.001). Mean calculated sinoatrial con- 
duction time, measured in 16 patients, was 113 + 8 msec before and 105 
+ 9.7 msec after atropine (difference not significant). Mean atrial effective 
refractory period, measured at an equivalent driven cycle length, was 262 
+ 11.1 msec before and 256 + 10.3 msec after atropine (not significant). 
Mean atrial functional refractory period was 302 + 12.5 msec before and 
295 + 11.3 msec after atropine (not significant). 

The shortening of sinus cycle length and sinus recovery time with at- 
ropine was similar to that noted in patients without sinus nodal dysfunction. 
In contrast, atropine had insignificant effects on sinoatrial conduction and 
atrial refractoriness in this group whereas it shurtens both in normal 
subjects. This finding may reflect altered perinodal and atrial electro- 
physiologic properties in patients with sinus node disease. 


Earlier studies concerning the effects of atropine on the normal human 
sinus node and atrium were limited to direct observations of changes in 
sinus cycle length and indirect observation of atrial refractoriness based 
upon electrocardiographic behavior of atrial flutter and fibrillation be- 
fore and after administration of atropine.'-? Recent catheter techniques 
allow more direct measurement of sinus nodal and atrial function. 
Techniques currently used include measurement of sinus nodal recovery 
time, indirect calculation of sinoatrial (S-A) conduction time and direct 
measurement of atrial refractoriness.?-!! [n patients without sinus node 
disease, atropine usually decreases both sinus nodal recovery time and 
sinoatrial conduction time and facilitates intra-atrial conduction.!?.13 
In patients with sinus nodal dysfunction, atropine usually shortens sinus 
nodal recovery time, although paradoxic responses have been de- 
scribed.!?:^!5 Reported data concerning the effects of atropine on cal- 
culated S-A conduction time in patients with sinus nodal dysfunction 
are limited to a preliminary report with small number of patients,!9 and 
data concerning the atrial effects of atropine are not available. 

In this study, we have used atrial stimulation techniques to evaluate 
systematically the electrophysiologic effects of atropine on the sinus node 
and atrium in patients with sinus nodal dysfunction. We have also 
contrasted these effects of atropine with those in patients without sinus 
node disease. 


348 December 1976 The American Journal of CARDIOLOGY Volume 38 


Tey CUL eae, TE TNR TY Do AW eee 
CT ee ee a a iii ae 


ST E NNUEDN ERRORS T 


3 


Methods 


The study group consisted of 21 patients undergoing elec- 
trophysiologic studies because of sinus nodal dysfunction. 
Criteria for inclusion in the study included the presence of 
either or both: (1) persistent resting si 1us bradycardia (heart 
rate less than 60/min) or (2) documented episodes of S-A block 
or sinus arrest, or both, with or without symptoms. There were 
19 men and 2 women whose ages ranged from 36 to 71 years 
(mean 59 + 2 years). All patients had sinus rhythm and had 
taken no cardiac medication within 72 hours of the electro- 
physiologic studies. Informed written consent was obtained 
from all patients. 

His bundle electrograms were recorded using a tripolar 
catheter passed through the femoral vein.? A quadripolar 
catheter was positioned at the high right atrium near the vi- 
cinity of the sinus node for atrial pacing (distal two poles) and 
for recording high right atrial electrograms (proximal two 
poles). Recordings were obtained on a multichannel oscillos- 
copic photographic recorder (DR-20 Electronics for Medicine) 
at paper speeds of 100 and 200 mm/sec. Simultaneous elec- 
trocardiographic leads I, II, III and V, were also recorded. 

Atrial pacing was performed at increasing rates in incre- 
ments of 10 beats/min. Sinus nodal recovery time was defined 
as the interval between the last paced P wave to the first 
spontaneous P wave after sudden cessation of pacing at rates 
ranging from 60 to 150 beats/min. For purposes of comparison, 
sinus nodal recovery time at a paced rate of 130/min was uti- 
lized.? Three sinus recovery times were determined at this rate 
and then averaged for each patient. Maximal sinus nodal re- 
covery time was defined as the longest asystolic period after 
sudden cessation of pacing at any of the tested heart rates. 

Atrial effective and functional refractory periods were 
measured with atrial extrastimulus techniques as previously 
described.!? The following definitions were used in relation 
to atrial refractory periods: A;, the atrial electrogram of 
spontaneous sinus or driven beats (S1); A», the atrial electro- 
gram in response to the extrastimulus (S5); atrial effective 
refractory period, the longest S;-S» interval at which So did 
not result in atrial capture, atrial functional refractory period, 
the shortest attainable propagated A;-A» interval. Refractory 
periods were measured during sinus rhythm in all patients, 
and in 20 patients at an atrial driven cycle length so that re- 
fractory periods could be measured at identical cycle lengths 
before and after administration of atropine. 

Sinus nodal responses to atrial extrastimuli were catego- 
rized as previously described,!! by noting the time of occur- 
rence of the first spontaneous sinus beat (A3) after Ao. Thus: 
(1) Nonreset due to sinus interference was defined when A4 
occurred at an As-À; interval of more than the spontaneous 
sinus cycle (A;-A,) and A;-A; (coupling interval A;-A» + re- 
turn cycle As-A3) equaled 2X (A,-A,). (2) Sinus reset was 
defined when A;5-A5 was either equal to or more than A,-A;, 
and A,-A3 was less than twice A,-A,. (3) Sinus interpolation 
was defined when A5-A5 was less than A,-A, and A,-A3 was 
either equal to À;-A, (complete interpolation) or more than 
A-A; (incomplete interpolation). For purposes of analysis 
both complete and incomplete interpolation were grouped 
together. (4) Sinus echoes were defined when A,-A3 interval 
was less than A;-A, and the P wave configuration of A4 ap- 
proximated that of the normal P wave with a high to low se- 
quence of atrial activation. A,-A3 responses were plotted 
against A;-A» coupling intervals as previously described.!! 

Each patient was categorized as to whether or not he had 
these zones. In each patient, a zone could be defined by its 
longest and shortest A;-A» coupling interval and in terms of 
its absolute duration. When all patients with a given zone were 
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TABLE | 


Summary of Electrophysiologic Findings (mean + standard — 
error of the mean) After Atropine 


After 1 
no. Control Atropine P Value 
Sinus cycle length 21 1171+ 35 806 +29 <0.001 
(msec) i 
Sinus recovery time 241 .1426 t 75 1169 + 90 «0.001. 
(msec) ! 
Maximal sinus recovery 21 1690+ 100 1311+111 «0.001 
time (msec) 
Calculated SACT 16 113 +8 105 + 9.7 NS 
(msec) 
ae ERP (NSR) 21 325+13.8 293+147 <0.02 
(msec) 
Atrial “ERP (NSR) 21 381+ 13.2 349+15.7 «0.02 
(msec) > 
Atrial ERP (at equiva- 20/262 t 111 


256 * 10.3 NS | 
lent CL) (msec) 
Atrial FRP (at equiva- 20 

lent CL) (msec) 


302+12.5 ) 295*11.3 NS 





CL = cycle length; ERP = effective refractory period; FRP = func- 
tional refractory period; no. = number of patients; NS = not signifi- 
cant; NSR = normal sinus rhythm; P = probability; SACT = sinoatrial 
conduction time. 


considered, the zone could be described in terms of both mean. 
longest and shortest A;-A» coupling intervals and mean ab- 
solute duration. The magnitude of each zone was also com- 

pared in terms of percent of sinus cycle length both before and. 

after administration of atropine. 

Sinoatrial conduction time was calculated utilizing ches | 
atrial extrastimulus technique as described by Strauss et al.!? 
For each patient, this was obtained by measuring the differ- 
ence between the A;-A4 and A,-A, intervals during the zone 
of reset and dividing by 2. A mean sinoatrial conduction time 
was calculated for each patient using all reset responses 
(normal mean + standard deviation 92 + 30 msec).!! 

Atropine was administered intravenously (a dose of 2 mg 
to patients under 60 years of age, and 1 mg to patients 60 and 
over) after control recordings were obtained. Measurements 
were initiated at 5 to 10 minutes after administration of at- 
ropine. Student's paired t test was used to analyze Statistica 

significance of the data. 
Results 
Effect on Sinus Node (Table !)* 


Sinus cycle length and recovery time: Control 
sinus cycle lengths ranged from 840 to 1,493 msec, with - 
a mean (+ standard error of the mean) of 1,171 + 35 
msec. After atropine, sinus cycle lengths ranged from. 
650 to 1,060 msec, with a mean of 806 + 29 msec (P. 
<0.001). Sinus cycle length decreased in all patients. 
Sinus nodal recovery time (at a paced rate of 130/min) - 
ranged from 910 to 2,500 msec (mean 1,426 + 75 msec) 
during the control state. After administration of atro- 
pine, recovery times ranged from 760 to 2,300 msec 


. (mean 1,169 + 90 msec) (P «0.001). Sinus recovery time 


decreased in all but one patient (Case 2), whose recovery 
time paradoxically increased from 1,655 to 1,900 msec 
after the drug. Maximal sinus nodal recovery time 


* The detailed data for individual patients are available on request 
from the author. | 
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ranged from 1,200 to 3,020 msec before atropine (mean 
1,690 + 100 msec). Maximum sinus node recovery time 

decreased significantly after atropine, ranging from 760 

to 3,100 msec (mean 1,311 + 111 msec) (P «0.001). 
Maximal sinus recovery time decreased in all but one 

patient (Case 7), whose maximal recovery time in- 

creased from 2,500 to 3,100 msec after administration 
of atropine. 

Sinus responses to extrastimuli: A zone of nonreset 
due to interference was defined in all 21 patients during 
the control state and in 20 patients after administration 
of atropine. In one patient, the postextrasystolic beat 
- was of junctional rather than sinus origin after atropine 
(Case 19). The mean zone of interference in the 20 pa- 
tients was between 1,158 msec (outer limit) and 894 
msec (inner limit) with an absolute duration of 264 msec 
at a mean sinus cycle length of 1,158 msec before atro- 
pine (Fig. 1). After administration of atropine, the zone 
of interference in these patients ranged from 792 msec 
s (outer limit) to 540 msec (inner limit) with an absolute 
duration of 252 msec at a mean sinus cycle of 792 msec 
(difference not significant). This zone accounted for the 
last 23 percent of the sinus cycle length before and 32 
percent of the sinus cycle length after administration 

of atropine (P «0.01). 

— A zone of sinus reset was present in all patients 
during the control state and in only 16 patients after 
administration of atropine. The five patients whose 
sinus reset responses could not be delineated after ad- 
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- FIGURE 1. Case 5. Typical example of sinus nodal responses to atrial 
- extrastimuli during sinus rhythm before and after administration of at- 
ropine. A-A; responses are plotted on the ordinate as a function of the 
test cycle (A ;-A5) on the abscissa. Panel A (before atropine), the sinus 
- cycle is 1,200 msec. The zone of nonreset due to interference (zone 
. 1) ranges from 1,200 to 1,030 msec. The zone of reset is between 
1,020 and 390 msec; the sinoatrial conduction time (SACT) is 80 msec. 
Panel B (after atropine), the sinus cycle is 800 msec. The zone of 
- nonreset ranges from 800 to 600 msec, and the zone of reset is be- 
tweere 590 and 340 msec. The sinoatrial conduction time is 100 
msec. i 
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ministration of the drug included one whose return 
beats were junctional, and four others (Cases 2, 7, 8 and 
14), whose zone of interference accounted for 100 per- 
cent of the scanned sinus length (zone I response) (Fig. 
2). In these latter four patients, the inner limit of the 
zone of interference was the atrial functional refractory 
period, which was lengthened in all after administration 
of atropine. These four patients included the two with 
paradoxical lengthening of sinus nodal recovery time. 
The mean zone of reset in the 16 patients with reset 
responses before and after atropine was between 904 
msec (outer limit) and 404 msec (inner limit) before 
atropine, with an absolute duration of 500 msec at a 
mean sinus cycle length of 1,145 msec (Fig. 1). The mean 
zone of reset after atropine was between 551 msec (outer 
limit) and 328 msec (inner limit) with an absolute du- 
ration of 223 msec at a mean sinus cycle length of 769 
msec (P <0.001). The zone of reset accounted for 43 
percent of sinus cycle length before and 29 percent after 
administration of atropine (P <0.001). 

Sinus interpolation (total or partial) was defined in 
four patients before administration of atropine. In two 
of these, interpolation responses were abolished with 
atropine, and in two the zone was unchanged. One pa- 
tient had interpolation res responses only after atropine. 

Sinus echoes were present in two patients during the 
control state. Atropine abolished the sinus echo re- 
sponses in one of these. In the other patient, there was 
no change in the magnitude of the sinus echo zone after 
administration of atropine. No patient had a new echo 
zone after atropine. 


Atrial Effects 


Calculated S-A conduction time: The effect of at- 
ropine on calculated S-A conduction time was evaluated 
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FIGURE 2. Case 7. Demonstration of zone 1 response after atropine. 
Panel A (before atropine), the sinus cycle is 1,100 msec. The zone of 
nonreset ranges from 1,100 to 720 msec, and the zone of reset is be- 
tween 710 and 350 msec (the atrial functional refractory period). The 
sinoatrial conduction time is 210 msec. Panel B (after atropine), the 
sinus cycle is 820 msec, and the zone of interference ranges from 820 
to 380 msec; the latter defines the atrial functional refractory period. 
Note the absence of zone of reset. 
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in all patients during the control state and in 16 patients 
(with reset responses) after administration of atropine. 
The S-A conduction time in these 16 patients during the 
control state ranged from 70 to 170 msec (mean 113 + 
8 msec). After administration of atropine, it ranged from 
60 to 175 msec (mean 105 + 9.7 msec) (not significant) 
(Fig. 1 and 3). Calculated S-A conduction time de- 
creased in nine and increased in seven patients after 
atropine. 

Atrial refractory periods: Atrial effective and 
functional refractory periods were measured in all pa- 
tients during sinus rhythm. During sinus rhythm, atrial 
effective refractory periods ranged from 210 to 480 msec 
(mean 325 + 13.8 msec). After atropine (during sinus 
rhythm), atrial effective refractory periods ranged from 
200 to 480 msec (mean 293 + 14.7 msec) (P <0.02). 
Atrial functional refractory periods before atropine 
ranged from 280 to 520 msec (mean 381 + 13.2 msec) 
and after atropine, from 260 to 500 msec (mean 349 + 
15.7 msec) (P <0.02). 

ig a refe IRE BS at identical driven 
cycle length (mean cycle Ten msec) in 20 patients 
ranged from 170 to 350 msec (mean 262 + 11.1 msec) 
before atropine, and from 170 to 340 msec (mean 256 + 
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10.3 msec) after atropine (not significant) (Fig. 4, Band — 
D). Atrial functional refractory period in these patients 
ranged from 200 to 410 msec (mean 302 + 12.5 msec) 
before atropine and from 200 to 390 msec (mean 295 + 
11.3 msec) after atropine (not significant) (Fig. 4, A and 
C). No change in P wave duration or configuration was. 
noted after atropine administration. 


Discussion 


Atropine has been used in patients with sinus node 
disease both therapeutically and diagnostically.5:5.15-?! : 
Therapeutically, atropine has been shown to be capable — 
of increasing sinus rates in some patients with sinus 
node disease.9.19-?! Diagnostically, it has been suggested 
that a blunted acceleration in sinus rate after admin- - 
istration of atropine indicates sinus nodal dysfunc- 
tion.195-?? Bradycardia in patients with sinus node dis- | 
ease may be the result of depressed sinus automaticity 
or S-A block, or both. Vagotonia may play a role in ei- - 
ther or both of these circumstances. The positive 
chronotropic action of atropine in these patients pre- 
sumably reflects vagolysis. 

Sinus rate: Although considerable data are available 
concerning the effect of atropine on sinus nodal function 
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FIGURE 3. Case 12. Measurements of sinoatrial conduction time before and after administration of atropine in a typical case. Shown are electro- 
cardiographic leads |, Il, III and V4, a bipolar intracardiac high right atrial electrogram (HRA), and a His bundle electrogram (HBE). A, is the atrial 


electrogram of spontaneous sinus beat, A» is the response to the extrastimulus and A is the return cycle. His bundle potentials are labeled H. Paper 
speed is 100 mm/sec and time lines are at 1 second intervals. The sinus cycle length (A;-A,), atrial coupling interval (A;-A>), return cycle length 
(A2-Aa), combined coupling and return cycle length (A;-A3) and calculated sinoatrial conduction time (SACT) are listed on each panel. Panel A 
is the control recording; panel B was obtained after administration of atropine. Panel A, sinus rhythm with A-A, of 1,220 msec. At a coupling interval - 
of 560 msec, A2-A3 is 1,370 msec, whereas A,-A3 of 1,930 msec is less than twice A,-A,. The sinus node is reset by A». The sinoatrial conduction - 
time (half the difference between A;-A5 and A-A) is 75 msec before administration of atropine. Panel B, sinus rhythm after administration of atropine 


with A4,-A4 of 860 msec. At a similar coupling interval of 560 msec, Az;-A; is 1,000 msec with reset of the sinus, node. The calculated sinoatrial 
conduction time is 70 msec. 
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FIGURE 4. Case 3. Measurements of atrial re- 
fractory periods at equivalent cycle lengths before 
and after administration of atropine in a typical 
case. The cycle length (CL) of the basic drive (S4) 
is 600 msec, and the extrastimulus and atrial 
coupling intervals (S;-S» and A,-A;) are listed at 
the top of each panel. Panels A and B are control 
recordings; panels C and D were obtained after 
administration of atropine. Panel A, at a coupling 
interval of 260 msec, S» is conducted to the atri- 
um. A,-A5 is 290 msec and is the shortest at- 
tainable A,-A; interval, defining the functional 
refractory period of the atrium before adminis- 
tration of atropine. Panel B, S; fails to capture the 
atrium at a coupling interval of 250 msec. This 
defines the effective refractory period of the 
atrium before atropine. Panel C, at a coupling 
interval of 260 msec, S; is conducted to the atrium 
with an A4-A» of 290 msec, which is the shortest 
attainable A-A; interval, defining the functional 
refractory period of the atrium after administration 
of atropine. Panel D, S; fails to capture the atrium 
at a coupling interval of 250 msec, defining the 
effective refractory period of the atrium after at- 
ropine. 
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in patients without sinus node disease, information on 
patients with sinus nodal dysfunction is limited.57.12-16 
It has been demonstrated that atropine increases sinus 
rates by 20 to 40 percent in patients with normal sinus 
nodal function.?-923-?6 In 11 patients with symptomatic 
sinus node disease, Rosen et al.!8 demonstrated increase 
in heart rates of 25 to 125 percent after 1 mg of atropine, 
but in none of these patients did the rate increase to 
more than 90 beats/min. Mandel et al.?? reported an 
average increase in heart rate of 12 beats/min after ad- 
ministration of 0.025 mg/kg of atropine in 31 patients 
with the sick sinus syndrome. Our study is in agreement 
with these previously reported studies. Although we 
demonstrated an increase of 45 percent in sinus rate in 
our patients with sinus bradycardia, in only two was the 
rate increased to more than 90 beats/min. It has pre- 
viously been shown in both experimental animals and 
man that atropine could cause paradoxical slowing of 
heart rate.?9-?? We found no such paradoxical responses, 
sinus rates increasing in all of our patients. 

Sinus nodal recovery time: It has been previously 
demonstrated that atropine shortens sinus nodal re- 
covery time in patients with normal sinus nodal func- 
tion. Mandel et al.!? reported shortening of recovery 
time in six patients with normal sinus nodal function. 
In another study of 17 patients without sinus node 
disease, Dhingra et al.!? demonstrated an average 25 
percent decrease in sinus recovery time after adminis- 
tration of atropine. The effects of atropine on sinus re- 
covery time in patients with sinus nodal dysfunction are 
variable. Recovéry times may shorten, remain un- 
changed or may paradoxically lengthen. Mandel et al.!? 
demonstrated shortening of recovery time in two pa- 
tients with the sick sinus syndrome. Narula et al.?? re- 
ported the effects of atropine on corrected sinus nodal 
recovery time in 10 patients with sinus bradycardia. In 
three of these, the corrected recovery time after atropine 
was shortened, in two it was unchanged and in one it was 
prolonged. In the remaining four patients, junctional 
escape beats terminated the postpacing pause after 
atropine. Both Bashour et al.!^ and Reiffel et al.!° re- 
ported one case with paradoxic prolongation of sinus 
recovery time after atropine. This paradoxic length- 
ening was thought to reflect decreased sinus entrance 
block with atropine, allowing more driven atrial im- 
pulses to penetrate the sinus node, resulting in increased 
recovery time. In our study, both sinus recovery time 
and maximal sinus recovery time decreased with atro- 
pine in most patients. 'This abbreviation of sinus re- 
covery time is presumably related to enhancement of 
sinus automaticity. 

S-A conduction time: Relatively little information 
is available concerning the effect of atropine on calcu- 
lated S-A conduction time in patients with or without 
sinus node disease. In a study of 17 patients without 
sinus node disease, we recently demonstrated an average 
43 percent decrease in calculated S-A conduction time 
after administration of atropine.!? The decrease in 
conduction time was present in all the patients. Reiffel 
et al.!6 reported similar effects of atropine in a study of 
15 patients with sinus bradycardia. In another patient 
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vd 


with sick sinus syndrome described by the same work- 
ers,? 1 mg of atropine decreased calculated sinoatrial 


conduction time from 83 to 75 msec. The results of our - 


4 
^ 
^ 


" 


study are in contrast with these previous findings. © 


Calculated sinoatrial conduction time was unchanged 
with atropine in our patients with sinus node disease. 
However, since it has been suggested in man that cal- 
culated sinoatrial conduction time prolongs with 


spontaneous decrease in cycle length, the unchanged - 
sinoatrial conduction despite decrease in cycle length | 


suggests some facilitation of sinoatrial conduction with 
atropine.?! 
Zones of sinus nodal responses: Information re- 


garding effects of atropine on individual zones of sinus - 
nodal responses is limited to patients without sinus - 
nodal dysfunction.!? The zone of sinus nonreset due to — 
interference (or zone 1) represents a period late in atrial | 


diastole, in which the incoming impulses (Ag) collide 


(presumably in the perinodal fibers) with the outgoing - 
sinus impulses and are thus unable to reset the sinus © 
node.??-?4 The duration of this zone is approximately - 


twice calculated sinoatrial conduction time.!! It has 
been shown?? that atropine causes shortening of this 
zone along with decreasing sinoatrial conduction time 
in patients without sinus node disease. In our present 
study of patients with sinus nodal dysfunction, atropine 


caused no absolute change in the zone of interference | 
(since atropine did not significantly affect sinoatrial | 
conduction time), but did cause a percentage increase - 


due to shortening of sinus cycle length. 
'The zone of reset represents a period in atrial diastole 


in which incoming premature impulses (Ag) are able to - 


penetrate and reset the sinus node. The decrease in this 
zone (both absolute and percent decrease) reflected the 


shortening of cycle length, the lack of change in the zone . 


of interference (the outer limit of the zone of reset), and 
the small changes in atrial functional refractory period 


(the inner limit of this zone in most of the patients). - 
These observations suggest that sinus sensing (or re- © 


setting) is decreased with atropine in patients with sinus - 


aos 


bradycardia. This is in contrast to the results of Smith ~ 
et al.,°° who demonstrated increased sinus nodal sensing | 
with atropine in patients with normal sinus nodal 


function. 


The four patients who manifested zone 1 responses - 
after atropine are of interest. This phenomenon pri- . 


marily reflected shortening of cycle length, coupled with 
an unchanged absolute zone of nonreset, and the small 
change or increase in atrial functional refractory period. 


This resulted in total elimination of reset responses. If - 


atrial functional refractory periods had shortened with 
atropine in these patients, presumably reset responses 
would have been identified. 

Zones of interpolation (unidirectional sinus block) 


and echoes probably reflect increased refractoriness of . 


perinodal fibers.??-?4 In patients without sinus node 
disease, these responses are eliminated by atropine, 


presumably reflecting facilitation of perinodal con- | 


duction (decrease in sinoatrial conduction time).!? In- 
terpolation and echo responses were unaffected by at- 
ropine in patients with sinus bradycardia, probably 
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because of its minimal action on perinodal conduc- 


tion. 

Atrial refractory periods: Data concerning the ef- 
fect of atropine on the electrophysiologic properties of 
the human atrium are limited. Akhtar et al.?9 deter- 


‘mined, in nine patients without sinus node disease, the 
- atrial refractory period at a driven cycle length of 600 
msec and reported variable effects of atropine. In their 


study, the atrial effective refractory period decreased 


in four, increased in three and were unchanged in two 
patients. Bissett et al.,°’ studying six patients with 


normal sinus nodal function at equivalent driven cycle 


lengths, found no significant effect of atropine on atrial 


effective refractory period. We have recently shown in 
a study of 17 patients without sinus node disease that 


- both atrial effective and functional refractory periods 


measured at equivalent driven cycle lengths signifi- 


- cantly shortened with atropine,!? an action opposite to 


that reported in experimental animals.?5-4*? Our present 
data in patients with sinus nodal dysfunction are in 
contrast with those from our patients with normal sinus 
nodal function. Atropine did not produce any significant 
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change in atrial effective and functional refractory pe- 
riods at equivalent driven cycle lengths in patients with 
sinus bradycardia. The significant decrease in atrial 
refractoriness observed in our patients during sinus 
rhythm probably reflected shortening of cycle length 
after administration of atropine.!! 

Our study demonstrates that some of the effects of 
atropine on the atrium and sinus node in patients with 
and without sinus nodal dysfunction are dissimilar. In 
our previous study, we demonstrated that atropine 
significantly shortened sinoatrial conduction time and 
atrial refractory periods in patients with normal sinus 
nodal function.!? Lack of these effects in patients with 
sinus nodal dysfunction suggests the presence of asso- 
ciated atrial and perinodal fiber disease with altered 
electrophysiologic properties. This would partially ex- 
plain the previously described therapeutic ineffective- 
ness of atropine in some patients with the sick sinus 
syndrome.*! 
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To determine the clinical significance of intimal proliferation as a cause 
of aortocoronary bypass vein graft obstruction, 492 vein grafts from 281 
patients were studied 0 to 75 months postoperatively. All grafts had been 
inserted between 1968 and 1975 by one surgeon using one technique. 
The graft patency rate was 92 percent (55 of 60) in the first month; 91 
percent (49 of 54) at 1 to 3 months; 84 percent (37 of 44) at 4 to 6 months; 
77 percent (33 of 43) at 7 to 12 months; 81 percent (113 of 140) at 13 to 
24 months; 82 percent (59 of 72) at 25 to 36 months; and 84 percent (66 
of 79) at 37 to 75 months. Vein graft samples were obtained from 41 pa- 
tients: In 27 patients with 51 grafts (early group), they were obtained 0 
to 30 days (mean 14 days) postoperatively; in 14 patients with 27 grafts 
(late group) they were obtained 7 to 75 months (mean 34 months) post- 
operatively. Intimal proliferation was graded 1 to 4 corresponding to an 
intima/media thickness ratio of 1, 2, 3 or 4, respectively. In the early group, 
all 51 vein grafts showed grade 1 to 2 intimal proliferation; 5 of these grafts 
were occluded, all as a result of recent thrombosis. In the late group, 17 
of the 27 grafts were studied histologically. All patent vein grafts showed 
grade 2 to 3 intimal proliferation. Four vein grafts were occluded but only 
one as a result of grade 4 intimal proliferation. In 14 patients in the late 
group, angiograms performed shortly before vein graft samples were 
obtained revealed 14 patent and 4 occluded vein grafts. Ten of the 14 
patent vein grafts showed grade 2 to 3 intimal proliferation but were of 
uniformly good caliber angiographically (graft/artery ratio more than 
1.5). 

Thus, most graft occlusions occur early and are usually due to throm- 
bosis. Late graft occlusion is uncommon and is rarely due to intimal pro- 
liferation. The angiographic appearance of vein grafts up to 75 months 
postoperatively suggests that intimal proliferation is not always pro- 
gressive. Moderate to marked intimal proliferation is the usual finding in 
long-term grafts, but is compatible with good graft patency. 


Intimal proliferation has long been accepted as an ominous pathologic 
change in autogenous veins used as arterial bypass grafts. It was reported 
first in saphenous veins employed as femoropopliteal bypass grafts!-?; 
more recently, identical changes have also been noted in aortocoronary 
saphenous vein bypass grafts.^-* 

Because intimal proliferation has been observed to have the potential 
for producing marked reduction in graft caliber even to the point of 
complete occlusion, it has been suggested that late graft occlusion in 
aortocoronary bypass from progressive intimal proliferation may be 
inevitable.? The aim of this study was to examine the influence of intimal 
proliferation on vein graft patency by early and long-term angiographic 
and histologic follow-up studies in a large group of patients. 
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Material and Methods 


Between 1968 and 1975, aortocoronary saphenous vein 
bypass procedures were performed in 1,837 patients by one 
surgeon utilizing the same technique. The indication for op- 
eration was angina pectoris in all cases. There were 1,619 men 
and 218 women. The mean age at operation was 52.4 years 
(range 23 to 81 years). The surgical technique used has been 
described previously.!? The veins were removed from the thigh 
by sharp dissection through multiple incisions with minimal 
handling of the vein. A solution of 0.1 mg heparin/ml normal 
saline solution at room temperature was used during prepa- 
ration of the veins. Care was taken to avoid overdistension or 
crushing injury to the veins. Proximal and distal anastomoses 
usually were performed with continuous 6-0 Prolene? suture 
material, occasionally with continuous 7-0 nylon suture ma- 
terial. Postoperatively neither anticoagulant agents nor 
platelet aggregation inhibitors were used. 

Graft patency was determined in 281 patients with 492 sa- 
phenous vein grafts a mean of 19 months after operation 
(range 0 to 75 months). Cineangiography was used to assess 
graft patency in 218 patients, including 23 patients with 36 
grafts who had more than one study. In 186 of these patients 
the indication for restudy was recurrent chest pain; the re- 
maining 32 patients were asymptomatic. Graft patency was 
assessed with percutaneous transfemoral aortic root angiog- 
raphy in 28 patients and determined at autopsy in 35. 

Specimens of 68 vein grafts from 41 of the 281 patients were 
studied 0 to 75 months postoperatively; they were obtained 
at reoperation in 11 patients (11 specimens) and at autopsy 
in the remaining 30 (57 specimens). The patients were clas- 
sified into two groups: early (27 patients with 51 specimens 
obtained a mean of 14 days [range 0 to 30 days] postopera- 
tively) and late (14 patients with 17 specimens obtained a 
mean of 34 months [range 7 to 75 months] postoperatively). 
In 10 patients in the late group the cineangiograms obtained 
shortly before operation were available for angiopathologic 
correlation with the specimens obtained. 

All vein graft specimens were fixed in buffered 10 percent 
formalin and cut into multiple 2 to 3 mm tissue blocks. Par- 
affin-embedded sections, cut at 5 to 7 u were stained with 
hematoxylin-eosin, Movat's pentachrome, and phos- 
photungstic acid hematoxylin for routine light microscopy. 


Grade 4 


Grade 3 


Grade 2 
Grade 1 
Media 


Adventitia 


FIGURE 1. Method used to grade the severity of intimal proliferation 
according to intima/media thickness ratio. 
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The degree of intimal proliferation was graded 1, 2,3 or 4 ac- 


cording to the intima/media thickness ratio (Fig. 1). 


Results 


Patency rate: The overall graft patency rate was 84 


percent (412 of 492 grafts) for the 19 month mean fol- 


low-up period (range 0 to 75 months); its relation to time 


| 


is shown in Figure 2. The slightly lower patency rate at 
7 to 12 months is attributable to the large incidence of 
symptomatic patients restudied at that time interval. 
The overall graft patency rate was 86 percent (67 of 7 8). 


in the 41 patients with histologic studies; the early pa- 
tency rate was 90 percent (46 of 51) and late patency 
rate 78 percent (21 of 27). 


Histologic evaluation of vein grafts (Table I): ial 


the early group of 27 patients, all 51 vein grafts were | 
examined histologically. All had intimal proliferation 
of grade 1 (23 grafts) or grade 2 (28 grafts). Five of these- 


grafts were occluded, all as a result of recent thrombo- 
sis. 


In the late group of 14 patients, 17 vein grafts were 
examined histologically (Table II). All grafts showed 


TABLE I 


Histologic Findings (Grade of Intimal Proliferation) in 
Grafts Studied Early and Late Postoperatively 


Grafts (no.) 
Grade of 
Intimal Early Late 
Proliferation Group Group 
1 23 0 
2 28 3 
3 0 10 
4 0 1 
Total 51 14* 


4 


| 
" 
` 


*Three grafts in the late group were occluded by well organized 


thrombus and could not be graded. 


GRAFT PATENCY WITH TIME 


100 
90 
80 
% PATENT 
70 
P 35 3 113 59 66 
60 4 140 72 79 
20 e 


4-6 71-12. 13-24 


MONTHS POSTOPERATIVE 
FIGURE 2. Relation of graft patency to time. Numbers in each bar 
represent the number of patent grafts/number of grafts studied. Note 
that the maximal decrease in patency occurs in the first 3 months 
postoperatively. 
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- significant intimal proliferation (grade 2 or greater). 


- 


Four grafts were occluded, only one as a result of grade 


.4 intimal proliferation with superimposed recent 


thrombosis, the other three grafts were occluded by old 
organized thrombosis. 
Angiographic and histologic correlation: In the 


- 10 patients in the late group (17 grafts) studied angio- 


graphically, 14 patent grafts were visualized. Ten of 


- TABLE II 


Data in 14 Cases Studied Late (7 to 75 months) Postoperatively 
) Site of 
. Case Graft Months After 
20. Studied Implantation Specimen 
1 RCA 7 Biopsy 
2 RCA 17 Biopsy 
3 RCA 23 Whole 
LAD 23 Whole 
4 RCA 32 Biopsy 
5 RCA 8 Whole 
LAD 8 Whole 
6 LAD 13 Biopsy 
7 RCA 13 Biopsy 
8 RCA 16 Whole 
LAD 16 Whole 
9 LAD 33 Biopsy 
10 RCA 30 Biopsy 
11 LAD 75 Biopsy 
12 LAD 51 Whole 
13 RCA 44 Biopsy 
14 LAD 64 Biopsy 


these 14 patent grafts were studied histologically, and 
despite grade 2 or 3 intimal proliferation, all 14 grafts 
showed very satisfactory patency on angiography. The 
typical angiographic appearance was smooth uniform 
reduction of caliber of mild degree and graft shortening 
(Fig. 3). Figures 4 to 7 show examples of correlative 
histologic and angiographic graft appearance 23, 30, 64 
and 75 months, respectively, after operation. 


Histologic 
Source Patency Changes* 

Operation Patent 3 
Operation Patent 3 
Autopsy Patent 2 
Autopsy Occluded Organized 

thrombus 
Operation Patent 3 
Autopsy Patent 3 
Autopsy Patent 3 
Operation Patent 3 
Operation Patent 2 
Autopsy Patent 3 
Autopsy Occluded Organized 

thrombus 
Operation Patent 3 
Operation Patent 3 
Operation Patent 2 
Operation Occluded 4:recent 

thrombus 
Operation Occluded Organized 

thrombus 
Operation Patent 


*The numerals indicate grade of vein graft intimal proliferation as defined in the text and shown in Figure 1. 
LAD = left anterior descending coronary artery; RCA = right coronary artery. 





FIGURE 3. Twelve-month postoperative angiogram of 
vein graft to the left anterior descending coronary artery 
showing diffuse mild narrowing. Tenting up of the artery 
by the graft (arrow) indicates mild graft shortening sec- 
ondary to intimal proliferation. 
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FIGURE 4. Case 3. Angiogram 
(left) and histologic section (right) 
of vein graft to the right coronary 
artery 23 months postoperatively. 


FIGURE 5. Case 10. Angiogram (left) 
and histologic section (right) of vein 
graft to the right coronary artery 30 
months postoperatively. 





FIGURE 6. Case 14. Angiogram (left) and histologic 
section (right) of vein graft to the left anterior de- 
scending coronary artery 64 months postoperative- 


ly. 
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From the angiopathologic correlation made in these 
10 grafts from the patients in the late group, it was 
possible to estimate the extent of intimal proliferation 
in the overall group of patent grafts, visualized angio- 
graphically. In all but three of these grafts the lumen 
was smooth and uniform, graft diameter was greater 
than 1.5 times that of the recipient artery, and there 
were no significant segmental stenoses. 

One of the angiographically abnormal vein grafts, 
from a patient with type IV familial hyperlipidemia, had 
an irregular reduction in graft lumen resembling that 
seen in the vein graft studies of a separate group of pa- 
tients with hyperlipidemia (J. T. Lie et al., in prepara- 








tion). The other two abnormal grafts were from a single 
patient; they had been created from very small saphe- 
nous veins and showed subtotal obstruction from diffuse 
narrowing. 


Discussion 


Although saphenous vein autografts have been used 
in peripheral vascular surgery for more than 70 years!! 
and in coronary arterial surgery for more than 12 
years,!? considerable concern has been expressed in 
regard to their long-term behavior. Previous anatomic 
studies of selected material without the benefit of con- 


FIGURE 7. Case 11. Angiogram (left) 
and histologic section (right) of vein 
graft to left anterior descending coro- 
nary artery 75 months postoperative- 


ly. 


FIGURE 8. Comparison 
of the changes of intimal 
proliferation in a saphe- 
nous vein in its anatomic 
position (left) and from a 
64 month old vein by- 
pass graft (right). Both 
specimens were ob- 
tained from the same 
patient at the time of re- 
operation; both show 
grade 3 intimal prolifer- 
ation. 
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current angiographic correlation may have been re- 
sponsible for the view that there is frequent and inevi- 
table progression of intimal proliferation to complete 
graft occlusion.® 79 

The materials in our study, derived from a large ho- 
mogenous group of patients and vein grafts, were ob- 
tained from a representative subgroup for an- 
giopathologic correlation. Thus, it has been possible to 
obtain a more balanced view of the clinical significance 
of intimal proliferation as the cause of graft occlu- 
sion. 


Vein graft intimal changes: These have been de- 
scribed variously as arterialization, intimal hyperplasia,° 
intimal thickening,’ intimal fibromuscular hyperplasia 
or fibrous intimal proliferation. The simple term inti- 
mal proliferation is used here. Light and electron mi- 
croscopic studies have shown that this intimal change 
is initiated by the proliferation of smooth muscle cells 
that have emigrated from the media.® These cells are 
capable of synthesizing collagen, elastin and ground 
substances, resulting in intimal thickening composed 
of variable amounts of cell elements and extracellular 
materials. Whether the thickened intima is predomi- 
nantly cellular or fibrous depends on the time since 
insertion of the vein graft and many other factors that 
initiate and perpetuate the proliferative changes. 

The pathogenesis of the vein graft intimal changes 
remains in doubt. However, electron microscopy has 
demonstrated altered endothelial permeability with the 
presence of blood constituents in the intima early after 
graft insertion. It was suggested that plasma factors may 
reach the media and stimulate smooth muscle cell 
proliferation.’ The simple mechanical stretching may 
also act as a stimulus.®®:!° This mechanical stress may 
be aggravated by distal arterial disease with poor runoff 
producing a “‘water-hammer” effect.® 


Early versus late vein graft changes: Previous 
pathologic observations suggest that intimal prolifer- 
ation is rare in the first month after operation-Indeed, 
the earliest time at which graft obstruction from intimal 
proliferation has been reported is 4 1/2 months.9 The 
intimal changes of the saphenous veins observed in the 
early group of some of our patients may therefore rep- 
resent preexisting aging changes. This view is supported 
by the results of a study of the histologic changes with 
age in 200 saphenous veins in their normal anatomic 
position of randomly selected autopsy patients in the 
5th and 6th decades of life (J. T. Lie, unpublished data). 
These veins all showed grade 1 to 2 intimal proliferation. 
Almost identical degrees of intimal proliferation of a 
saphenous vein in its anatomic position and a 64 month 
old graft from the same patient at the time of reopera- 
tion are shown in Figure 8. It follows that the intimal 
changes seen in saphenous veins after aortocoronary 
bypass surgery must be interpreted with some caution, 
and preferably compared with the histologic data on the 
saphenous vein obtained at the time of implantation. 

Significant segmental stenoses were rarely observed 
in our series. It is possible that the severe segmental 
stenoses previously reported may be related to preex- 
isting lesions of the vein, an organized mural thrombus 


GRAFT PATENCY AFTER AORTOCORONARY BYPASS—LAWRIE ET AL. 


or trauma to the vein during its removal and implan- 
tation. 4 

It is apparent from Table II and Figures 4 to 7 that 
once grade 2 changes have occurred, vein graft intimal 
proliferation does not necessarily progress further with 
time. This is further suggested by the 66 vein grafts 
studied angiographically between 36 and 75 months. 
After initial changes had occurred, the severity of inti- 
mal proliferation did not undergo significant angio- 
graphic progression with the passage of time. 


Intimal changes and graft flow: The final change 
observed angiographically is a uniform reduction in 
graft caliber by about 30 to 50 percent. Others'* have 
also reported this change,but it does not appear to affect 
graft flow significantly.!? However, because some degree 
of intimal proliferation appears to be inevitable, it. 
would seem desirable to use vein grafts that initially are 
significantly larger than the recipient artery. The 
long-term angiographic appearance of grafts in our 
study suggests that use of saphenous veins from the 
thigh usually results in a final graft lumen size of nearly 
ideal proportions. This finding contradicts previously 
raised theoretical objections to the natural disparity in 
size between the saphenous vein and the recipient cor- 
onary artery. 


Factors determining graft patency: The reported 
correlations of early patency with high intraoperative 
flow rates?.16.17 suggest that the state of the distal vas- 
cular bed may be the single most important determinant 
of vein graft patency. Saphenous vein grafts attached 
to the left anterior descending coronary artery (which 
usually provides good runoff) have.shown patency rates 
in asymptomatic patients comparable with those of 
internal mammary grafts. However, vein grafts attached 
to the right or circumflex coronary arteries show sig- 
nificantly lower patency rates.!? Technical problems in 
executing anastomoses to small diseased arteries may 
also be a significant cause of graft failure. 

Thus the occurrence of intimal proliferation in vein. 
grafts obviously is not the major reason that the patency 
rates of most vein grafts are 5 to 15 percent lower than 
those reported for internal mammary artery grafts.!9.20- 
Indeed, histologically similar intimal proliferation has 
been observed in the internal mammary artery grafts.” 
Rather, it appears that to remain patent, saphenous 
vein grafts require a greater initial flow than internal 
mammary artery grafts. The latter have been shown to 
remain patent in the presence of negligible forward 
flow.?? 1 

However, once patency is established, the potential 
maximal flow through saphenous vein grafts is much 
greater than through internal mammary artery grafts.?? 
This may become significant clinically when the distal 
runoff exceeds the average internal mammary arterial. 
flow of less than 79 ml/min.?9.22 P 


Clinical implications: The results of our study in- 
dicate that the main cause of saphenous vein graft 
failure in aortocoronary bypass is early thrombosis, 
mainly in the first 3 postoperative months. The ap- 
parent small reduction in patency found 7 to 12 months 
postoperatively is related to a disproportionately large 
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number of symptomatic patients restudied at that time 
E Symptomatic patients have previously been 
shown! to have lower graft patency rates. 
— The saphenous vein remains the most frequently used 
and most versatile vascular graft available. Early graft 
failure due to thrombosis may be reduced with further 
"experience in patient and vessel selection and with re- 
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To clarify the association between chest pain and significant coronary 
artery disease in patients who have aortic valve disease, 76 consecutive 
candidates for aortic valve replacement were evaluated prospectively 
with use of a historical questionnaire and coronary arteriography. Of the 
76 patients, 19 (25 percent) had no chest pain, 21 (28 percent) had chest 
pain that was not typical of angina pectoris and 36 (47 percent) had chest 
pain typical of angina pectoris. In 18 of 19 patients the absence of chest 
pain correlated with the absence of coronary artery disease. The single 
patient without chest pain who had coronary artery disease had evidence 
of an inferior myocardial infarction in the electrocardiogram. Thus, ab- 
sence of chest pain and the absence of electrocardiographic evidence 
of infarction predicted the absence of coronary disease in all cases. | 

The presence of chest pain did not predict the presence of coronary 
artery disease, but the more typical the pain of angina pectoris the more. 
likely were patients to have significant coronary artery disease. Of the 
21 patients with atypical chest pain, 6 (29 percent) had coronary artery 
disease, but of the 36 patients with typical angina pectoris 23 (64 percent) 
had significant coronary artery disease. In addition, when patients with 
chest pain not typical of angina pectoris also had coronary artery disease, 
the diseased vessels usually supplied smaller areas of the left ventricle 
than when the pain was typical of angina pectoris. In 21 of 23 patients (91 
percent) with typical angina pectoris and significant coronary artery 
disease, lesions were present in the left coronary artery. There was no 
systolic pressure gradient across the aortic valve that excluded the 
presence of coronary artery disease, although all patients with a calcu- 
lated aortic valve area of less than 0.4 cm? were free of coronary artery 
disease. Patients with severe left ventricular dysfunction were more likely 
to have normal coronary arteries. 


In patients with aortic valve disease it is important to be confident of the. 
status of the coronary arteries prior to aortic valve replacement because 
severe narrowing of the coronary ostia or vessels may interfere with 
adequate myocardial perfusion in the perioperative period and thereby: 
contribute to the mortality and morbidity associated with such sur- 
gery.” In addition, the surgical relief of chest pain may be as dependent 
on relieving obstruction of the coronary arteries as on relieving left 
ventricular outflow obstruction. On the other hand, coronary arteriog- 
raphy is associated with a small but definite risk and should not be 
performed unnecessarily.?4 The significance of chest pain in defining 
coronary arterial obstruction in patients with aortic valve disease is not - 
entirely clear. Although one would expect that patients with both sig- 
nificant, although not necessarily severe, aortic stenosis and coronary 
artery disease would experience chest pain, this relation has not been 
clearly defined. Clearer definition is needed in order to define appro- 
priately the indications for coronary arteriography and the role of cor- 
onary arterial surgery at the time of aortic valve replacement. 


December 1976 The American Journal of CARDIOLOGY Volume 38 863 


A 


TEP MINA “AORTIC: VALVE DISERME --PAQUAYETONEECE 7 77007 summ weno ccomeem mene neqoe opcm avene cm mage mo? 





* This study was performed to clarify further the as- points were possible if the pain was relieved with both rest and 
sociation of chest pain and significant coronary artery nitroglycerin. Less emphasis was placed on quality, duration, 
- disease in patients with obstructive aortic valve disease. radiation of pain and associated symptoms, which were as- 


signed a value of 1 point each when consistent with angina 
pectoris. Characteristics of chest pain that were not consistent 
with angina pectoris were assigned no numerical value; for 


_A prospective protocol was followed in which all can- 
 didates for aortic valve replacement, regardless of the 
‘presence or absence of chest pain, were studied with 
















Di t h CAP shüirh d example, an unusual location of pain not relieved with rest or 
Broronary arter iography as part of their hemodynamic nitroglycerin. Patients whose chest pain was subjectively j 
F evaluation i in order to assess the importance of chest judged typical of angina pectoris had at least 8 of 12 possible - 
pain and the electrocardiogram in predicting the status points, whereas those whose pain was judged atypical had 
- of the coronary arteries. Our data should provide in- fewer than 8 points (Fig. 1). In two patients with 8 points the 
_ formation that will delineate patients at greatest risk pain syndrome was arbitrarily categorized as atypical of an- 
- of having coronary artery disease and in whom coronary gina pectoris. _ i 
_arteriography would be helpful in the preoperative A vectorcardiogram with the Frank lead system was re- 
“evaluation, corded in 70 patients, and a standard 12 lead electrocardio- 
gram was recorded in each patient. Electrocardiographic ev- 
Patients and Methods idence of coronary artery disease was defined as the presence 
x of myocardial infarction, and isolated repolarization abnor- 
.. Seventy-six of 79 consecutive men with isolated obstructive malities were not included as evidence of coronary artery 
- aortic valve disease who were candidates for aortic valve re- disease. 
_ placement were studied. Three patients were excluded be- Cardiac catheterization studies: Right and left heart 
- cause coronary arteriograms were not obtained. The patients catheterization was performed in each patient. The systolic 
ranged i in age from 39 to 84 years (mean 57 years). They were gradient across the aortic valve was determined from pressures 
_ treated with digitalis and diuretic agents when necessary and recorded simultaneously from two Teflon" catheters. The 
- were in optimal clinical condition at the time of the hemody- catheter manometer recording system was shown to have a flat 
E namic studies. No patient had had previous cardiac sur- (+10 percent) frequency response of at least 50 hertz. Cardiac 
 gery. output was determined as the quotient of the oxygen con- 
5 Evaluation of chest pain: The history of chest pain was sumption and the arteriovenous oxygen difference and the 
_ evaluated by two methods. First, a clinical history was care- result compared with the value obtained with the indicator- 
guy elicited by at least one of us and subjectively judged to dilution technique using Cardiogreen” dye. The mean systolic 
be typical or atypical of angina pectoris. Second, patients were gradient across the aortic valve was determined from an av- 
. classified according to their response to a prospective ques- erage of 20 beats. The aortic valve area was calculated ac- 
- tionnaire. Seven characteristics of chest pain were assigned cording to the formula of Gorlin and Gorlin.? 
a numerical value so that the total possible value was 12 Left ventriculography and ascending aortography were 
_ points. A maximal value of 3 points was assigned to location performed in each patient to evaluate the presence of mitral 
(central, bilateral, anterior and supramammary) and to factors or aortic insufficiency. The degree of aortic insufficiency was 
| that aggravated or precipitated chest pain (such as eating, estimated from opacification of the left ventricle after aor- 
. exercise, emotion and exposure to cold temperatures). T'wo tography. A scale of 0 to 4+ was used: Insufficiency was graded 
i | 
f Normal | Coronary 
Bey Coronary | Artery 
$ Arteries | Disease 
/ Typical Angina Pectoris oO a 
f 12 Atypical Chest Pain W 
^ ? 11 No Chest Pain 
J 10 
3 8 
2^ NUMBER $ 
; OF PATIENTS 
; | 5 
; 
E 4 
E : FIGURE 1. Numerical value assigned to the chest pain 1 
g 1 syndrome on the basis of response to the angina ques- 
; tionnaire. Patients without chest pain are assigned a value 
( 7 ies y 10 ii i3 Ofzero.The open symbols indicate patients either with 
: no discernible coronary arterial lesion or with lesions 


CHEST PAIN - NUMERICAL VALUE obstructing less than 75 percent of luminal diameter. 
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1+ when the left ventricle was not completely outlined by 
contrast material, 2+ when there was sufficient regurgitant 
opacification to outline the left ventricle but less well than the 
aorta, 3+ when the ventricle was outlined as well as the aorta 
and 4+ when the ventricle was outlined better than the aorta 
and when it was also enlarged. The first 3 beats after opacifi- 
cation of the aorta were used. Patients with reflux of contrast 
material into the left atrium during left ventriculography 
greater than 1+ on a scale of 0+ to 4+ were excluded as ex- 
amples of coexistent mitral insufficiency. 

Patients were classified into three groups according to the 
mean systolic pressure gradient and the degree of aortic in- 
sufficiency. Group A consisted of 48 patients with predomi- 
nant aortic stenosis; all had a mean systolic gradient greater 
than 30 mm Hg or an aortic valve area of less than 1.5 cm? and 
less than grade 2+ aortic insufficiency. Group B consisted of 
23 patients with mixed aortic valve disease; all had a mean 
systolic gradient greater than 29 mm Hg and aortic insuffi- 
ciency equal to or greater than grade 2+. Group C consisted 
of five patients with predominant aortic insufficiency (mean 
systolic gradient 20 mm Hg or less and grade 2+ to 4+ aortic 
insufficiency. Patients with isolated aortic insufficiency were 
not included in this study. 

Ventricular volumes and ejection fraction were estimated 
from single plane cineangiograms in the right anterior oblique 
projection (45°). Ventricular volume was calculated using the 
area-length method®* and corrected for X-ray magnifica- 
tion. 

Coronary arteriograms were obtained in all patients in the 
right and left oblique projections using the transfemoral 
percutaneous technique.? Cineangiograms were recorded at 
a rate of 60 frames/sec. Significant obstruction was not judged 
present unless at least 75 percent of the diameter of the cor- 
onary lumen was judged obliterated in at least one view from 
several projections. 


Results 


Of the 76 patients, 19 (25 percent) were considered 
free of chest pain after careful prospective questioning 
(Fig. 1). Chest pain typical of angina pectoris was 
present in 36 patients (47 percent), all with 8 or more 
points on the angina questionnaire. Of the 21 patients 
(28 percent) judged to have atypical chest pain, all had 
8 or fewer points; only 2 patients had 8 points. 

There was no significant age difference among these 
three groups. All patients but one were symptomatic 
(Table I). In one patient syncope was the sole symptom. 
Dyspnea and chest pain were commonly associated; 41 








TABLE I 
Clinical Data 
Age (yr) 
(mean + Patients (no.) 
standard 
Chest Pain error of With With 
Syndrome _ the mean) Total Syncope Dyspnea 
None 60 + 10 19 (25%) 5 (26.3%) 17 (89.5%) 
Atypicalof 57+ 13 21 (27.6%) 6 (28.6%) 13 (61.9%) 
angina 
pectoris 
Typical of 56+ 8 36 (47.4%) 11 (30.6%) 28 (77.8%) 
angina 
pectoris 
Total 57 * 10 76 22 (28.9%) 58 (76.396) 
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of the 58 patients with dyspnea had chest pain. Eighteen - 


of the 19 patients free of chest pain had severe syncope 


or heart failure, or both. Seventy-five percent of patients 
were in New York Heart Association functional class III 
or IV. 


Of the 30 patients (40 percent) with significant ob- 
struction of one or more coronary arteries, 13 had sig- 
nificant disease in one coronary artery, 5 in two arteries | 
and 12 in three arteries. Eighteen of the 19 patients — 


without chest pain had no significant lesion. No patient 
had significant disease of the left main coronary ar- 
tery. 

Correlation of chest pain and coronary arterio- 


graphic findings: The presence of chest pain corre- 


lated well with the presence of significant coronary ar- 


tery disease. All but one patient with significant ob- - 


struction of one or more coronary arteries had chest 
pain. Whether the pain was typical or atypical of angina 


pectoris was not predictive of the presence or absence - 
of coronary artery disease (Fig. 1). Of 36 patients judged - 


to have typical angina pectoris, 23 (64 percent) had 


significant obstruction in one or more coronary arteries, - 


whereas 13 (36 percent) had normal coronary arteries. 
Six of 21 patients (29 percent) with atypical chest pain 
also had significant coronary artery disease (Fig. 2). 


These six patients had, respectively, 2, 3, 4, 5, 6 and 7 - 


of 12 points on the angina questionnaire. Five of these - 
six patients had significant disease of only the right - 


coronary artery and the sixth had disease of only a small - 


left.cireumflex vessel. Of patients with typical angina 


pectoris, only 2 had isolated lesions of the right coronary - 


artery whereas 21 had lesions in the left coronary arte- 


rial system. Thus the more typical the chest pain of 


angina pectoris, the more likely were patients to have 
disease in the left coronary system. 


Of the 19 patients without chest pain only 1 had sig- | 


nificant coronary artery disease. That patient had two. 
lesions of the right coronary artery, each obstructing 75 


percent of the lumen, and a pattern of inferior myo- - 
cardial infarction in the electrocardiogram. Of the re- - 
maining 18 patients, 1 had minimal irregularity of the - 


wall of the left anterior descending coronary artery, 3 





Chest Pain 
Atypical of Typical 
No Chest Pain Angina Pectoris Angina Pectoris 
1/19 6/21 23/36 
(5%) (29%) (64%) 


[| No Significant Coronary Artery Disease 


[coronary Artery Disease 


FIGURE 2. Prevalence of significant coronary artery disease in patients 
with obstructive aortic valve disease according to chest pain syn- 


drome. 
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TABLE II 


Hemodynamic Features of Patients With Obstructive Aortic 
Valve Disease According to Degree of Aortic Insufficiency 





(mean + standard deviation) 





| Group A Group B Group C 

- Patients (no.) 48 23 5 

- Age (yr) 60 + 10 53+8 47 +10 

Body surface area (m?) 1.91+0.18 — 1.89* 0.17 1.93 +0.9 

- Mean systolic gradient 60.4 + 22.5 65.0 :* 20.4 14.5 * 6.4 
(mm Hg) 

| Aortic valve area (cm?) 0.63 +0.23 064+0.26 — 1.15 * 0.07 

- Cardiac output (liters/ 4.79 1 1.14 5.52-* 1.98 5.89 * 1.42 
min) 

_ LV systolic pressure 191 * 33 196 + 30 140 « 18 

... (mm Hg) 

—LV end-diastolic pres- 19.8 + 9.0 19.4 + 8.9 14.8 + 13.3 

.. sure (mm Hg) 

— LV ejection fraction 51 + 22 59+ 17 68 + 15 


(%) 


|. 





| Group A = predominant aortic stenosis (mean systolic pressure gra- 
— dient 30 mm Hg or more, aortic valve area less than 1.5 cm’, less 
- than 2+ aortic insufficiency); Group B = mixed aortic valve disease 

- (mean systolic gradient more than 29 mm Hg and 2+ or greater aor- 
— tic insufficiency); Group C = predominant aortic insufficiency (mean 


systolic gradient 20 mm Hg or less and 2 to 4+ aortic insufficiency). 
- LV = left ventricular. 


had lesions obstructing less than 50 percent of the 
lumen of that artery, and 14 had no discernible le- 
_ sion. | 
Correlation with electrocardiogram: Eighteen 
patients had electrocardiographic or vectorcardio- 
graphic evidence of myocardial infarction. Ten had 
evidence of inferior wall myocardial infarction. Seven 
_ of these 10 patients had significantly obstructive lesions 
_ of the right coronary artery, whereas 3 had no evidence 
- of coronary artery disease. Of the three patients with 
- electrocardiographic evidence of inferior infarction but 


n 


TABLE II! 


normal coronary arteries, two had no chest pain. The 
one patient in the entire study without chest pain but 
with coronary artery disease had electrocardiographic 
evidence of an inferior wall infarction and significant 
obstruction of the right coronary artery but a normal left 
coronary arterial system. 

Ten patients had electrocardiographic or vectorcar- 
diographic evidence of anterior myocardial infarction. 
'Two of these 10 patients had neither evidence of coro- 
nary artery disease nor chest pain. Each of the eight 
patients with electrocardiographic evidence of anterior 
infarction and chest pain had obstructive lesions in the 
left anterior descending coronary artery. Thus in this 
study electrocardiographic evidence of anterior wall 
infarction plus typical angina pectoris was predictive 
of a significant lesion in the left anterior descending 
coronary artery. 

Correlation of chest pain with severity of aortic 
stenosis: The frequency of chest pain typical of angina 
pectoris was similar in Groups A, B and C. Table II in- 
dicates the hemodynamic features of these groups. Since 
the net forward flow and not the actual aortic valve flow 
was used to calculate aortic valve area, the latter was 
more likely to be underestimated in patients in Group 
B (mixed aortic valve disease) than in patierits in group 
A (predominant aortic stenosis). The systemic flow was 
not significantly greater in group B (5.52 + 1.98 liters/ 
min) (mean + standard deviation) than in Group A 
(4.79 + 1.14 liters/min) (P <0.1). 

In Group A (predominant aortic stenosis), 12 patients 
had no chest pain and 36 had chest pain (‘Table III). The 
mean systolic pressure gradient was greater and the 
aortic valve area was less in the eight patients with 
typical angina and no coronary artery disease (70.6 + 


- Hemodynamic Data in Patients With Predominant Aortic Stenosis (Group A) (mean + standard deviation) 





r 


Chest Pain Syndrome 











Atypical of Typical of 
| None Angina Angina 
~ Patients (no.) 12 (2596) 14 (29.2%) 22 (45.8%) 
— Age (yr) 61+ 10 61 * 12 58 +8 
- BSA (m?) 1.88 + 0.15 1.88 * 0.13 1.94 * 0.21 
-.. MSG (mm Hg) 55.7 + 18.2 66.2 * 26.4 59.4 + 22.1 
- AVA (cm?) 0.59 + 0.21 0.61 * 0.21 0.66 + 0.25 
.. CO (liters/min) 4.25 * 0.98 4.80 * 0.98 5.05 + 1.28 
— LV systolic pressure (mm Hg) 182 +21 207 + 34 185 +35 
- LV end-diastolic pressure (mm Hg) 20.7 * 7.6 18.4 * 7.6 20.1 * 10.6 
| LV ejection fraction (96) 40-21 57 +15 52 + 26 
E No CAD CAD No CAD CAD No CAD CAD 
- 
- Patients (no.) 11 (91.796) 1 (8.396) 8 (57.196) 6 (42.996) 8 (36.4%) 14 (63.6%) 
- Age (yr) 61+10 68 62+ 14 60 + 11 5749 59+8 
BSA (m?) 1.86 + 0.15 2.02 1.89 + 0.10 1.87 + 0.17 1.90 + 0.20 1.96 + 0.22 
-. MSG (mm Hg) 56.9 + 18.6 42.7 76.0 + 27.4 53.1 * 20.1 70.6 + 12.9 53.0 + 24.0 
— AVA (cm? 0.56 + 0.20 0.88 0.53 + 0.18 0.71 + 0.21 0.49 + 0.11 0.76 + 0.26 
— CO (liters/min) 4.17 + 0.99 5.11 4.75 * 0.96 4.88 * 1.10 4.74 * 1.04 5.22 * 1.40 
— LV systolic pressure (mm Hg) 181+ 22 191 216 + 29 194 +39 194 + 22 180 * 40 
— LV end-diastolic pressure (mm Hg) 20.3) 13:7.7 27 21.0 + 8.5 15.0 + 5.0 21.8 + 12.3 19.2 + 9.9 
LV ejection fraction (95) 40 + 21 — 53 +17 63 + 11 44+ 28 56 + 24 





AVA = aortic valve area; BSA = body surface area; CAD = significant coronary artery disease; CO = cardiac output; LV = left ventricular; 


— MSG = mean systolic pressure gradient. 
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12.9 mm Hg and 0.49 + 0.11 cm?) than in patients with Aortic Stenosis 
typical angina and coronary artery disease (53.0 + 24.0 ( 64 Patients ) 
mm Hg and 0.76 + 0.26 cm”). This difference was sig- 
nificant for aortic valve area (P <0.02). The mean aortic EF Normal Coronary 
valve area was also less in the 8 patients with normal ( 90) Coronary Artery 
/ ; k ; Artery Disease 
coronary arteries and chest pain typical of angina than 100 qure NC a bis ra 
A in the 12 patients without chest pain (0.49 + 0.11 versus . : A FRAS ChestPain ^ 
0.59 + 0.21), but the difference was not significant (P 90 o No Chest Pain > 





<0.3). Although there were differences in the mean 





systolic gradient in Group A among patients without 80 "ess EP icez. 
chest pain (55.7 + 18.2 mm Hg), atypical chest pain 35 oS E a ^ 
(62.2 + 26.4 mm Hg) and typical angina (59.4 + 22.1 mm e : a” 
Hg), the differences were not significant. There was no 60 eid E o , 
mean systolic gradient that excluded the presence of o^ 2 
significant coronary artery disease. For example, a 50 T NRE i 
gradient of greater than 100 mm Hg was present in one i : 
patient with typical angina pectoris and significant 40 ben TIN, a 
disease in three coronary arteries, but no patient in 30 9 oo 
Group A with a valve area of 0.40 cm? or less had sig- o : 
nificant coronary artery disease (Fig. 3). 20 o : : R 

Group B consisted of 23 patients with outflow ob- , = Y 
struction and moderate to severe aortic insufficiency. 10 s 
There was no significant difference in aortic valve area, ; 
mean systolic pressure gradient or left ventricular 0 4 8 12 20 24 28 32 36 40 44 


end-diastolic pressure between patients with and LVEDP ( 
without chest pain. Group B was comparable with Ade. 
Group A in number of patients without and with chest 
pain. Among patients with typical angina, as many pa- 
tients had significant coronary artery disease in Group 


FIGURE 4. Relation between left ventricular end-diastolic pressure 
(LVEDP) and ejection fraction (EF) in all patients. Symbols as in Figure 
1. 





B as in Group A. and 28 patients with a left ventricular end-diastolic 
Correlation with left ventricular function: The pressure greater than 20 mm Hg. Twelve patients had. 
range of left ventricular end-diastolic pressure and both an ejection fraction of less than 40 percent and an. 
ejection fraction was similar in patients without coro- end-diastolic pressure greater than 20 mm Hg, whereas. 
nary artery disease and in patients with coronary artery 34 patients had either or both hemodynamic findings. 
disease involving one, two or three vessels (Fig. 4). The Of the 18 patients with an ejection fraction of less than 
left ventricular end-diastolic pressure did not correlate 40 percent, 15 (88 percent) had normal coronary arte- 
with the ejection fraction (r = 0.3). There were 18 pa- ries; of the remaining 3, and one patient had significant. 
tients with an ejection fraction of less than 40 percent disease in one artery and two patients had significant. 
160 
Normal Coronary 
140 Coronary Artery 
Artery Disease 
120 " Angina Pectoris a 
A ^ Atypical Chest Pain 
100 ^ s 9 No Chest Pain 
MS6 
(mm Hg) 80 Da D 2 Si ' 
| 5 A i FIGURE 3. Group A (64 patients 
oo x with predominant aortic stenosis). 
60 o y ^ P 3 Relation of the mean systolic 
o , "i WS. pressure gradient across the aortic 
s a A a ^ valve (MSG), aortic valve area. 
40 O a » " (AVA), status of the coronary arte- 
N o ries and chest pain syndrome. 
20 " a a Closed symbols indicate presence 
E of significant coronary artery dis- 
ease and open symbols indicate 
Ua 2202021212 LLPCLLULULLLOLLLLLLUCÁLGCLLLLELALÁBCIXTÁL]—ILALL LLLLSLLLLSLU]2/"242 patients either with no discernible 
03 04 05 O68 07 08 O9 10 1 12 13 14 15 coronary arterial lesion or with le- 
sions obstructing less than 75 per- 
AVA (cm?) cent of luminal diameter. | 
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disease in three arteries. Thus, whereas patients with 

chest pain had a high incidence rate of coronary artery 

‘disease those without chest pain had a greater incidence 

of severe ventricular dysfunction. Of the 34 patients 

with either a left ventricular end-diastolic pressure 
greater than 20 mm Hg or an ejection fraction of less 
than 40 percent, or both, 25 (74 percent) had normal 

‘coronary arteries and 9 (26 percent) had significant 
coronary artery disease. 

__ The prevalence rates of both chest pain and dyspnea 

- were similar in each group. The presence or absence of 

F dyspnea i in addition to chest pain was not predictive of 
the presence or absence of coronary artery disease. 

! | Discussion 

i Predictive value of absence or presence of chest 
pain in aortic stenosis: In this study the absence of 

chest pain was the single clinical finding most predictive 

of normal coronary arteries. With one exception, no 

- patient free of chest pain had significant coronary artery 

disease. When the findings from the electrocardiogram 

-and vectorcardiogram were added to the history, the 

presence of normal coronary arteries could be predicted 

à in all cases. Thus, our data suggest that patients without 
chest pain or electrocardiographic evidence of infarction 

- are likely to be free of significant coronary artery disease 
_and that coronary arteriography should yield minimal 
‘additional data. This finding may be of considerable 

‘importance in selecting diagnostic studies of greatest 
yield for patients with clinically severe aortic stenosis 

- and left ventricular failure. These data are in agreement 

f. with findings in several previous reports.!9-1? 

_ When patients complained of chest pain, whether 
beypical of angina pectoris or not, one could not predict 
the presence or absence of coronary artery disease even 

‘when other clinical or laboratory findings were included. 
Patients with atypical chest pain were more likely to 

-have isolated disease of the right coronary artery, 

‘whereas those with typical angina pectoris were more 
likely to have disease of the left coronary arterial system. 
Fifty-eight percent of all patients with typical angina 

- pectoris had significant obstructive lesions of the left 

coronary arterial system. Ninety-one percent of patients 

with both typical angina pectoris and coronary artery 
disease had significant lesions in the left coronary sys- 
tem. A continuum is thereby established: the more 
characteristic the chest pain of angina pectoris, the 
- greater the likelihood of severe córonary artery disease; 

- the less characteristic the chest pain of angina pectoris, 

the greater the likelihood of mild or absent coronary 

artery disease. The absence of chest pain nearly always 
excludes the presence of coronary artery disease. 

- The electrocardiogram and vectorcardiogram gen- 
erally added little to the history of chest pain in pre- 
-_dicting the anatomic status of the coronary arteries. In 
-one exceptional case, a patient who was free of chest 
_ pain had significant coronary artery disease. In this case 
the electrocardiogram revealed an inferior myocardial 

infarction and coronary arteriography revealed coronary 

artery disease isolated to the proximal and distal right 
coronary artery. 
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'The absence of coronary artery disease in our patients 
free of chest pain was not biased by selection of patients 
with a low prevalence rate of coronary artery disease; 
in fact, this rate (39 percent) was greater than that re- 
ported in several studies.!?-14 This is in part explained 
by our study group, which was composed of adult men 
in whom symptoms from obstructive aortic valve dis- 
ease and coronary artery disease are likely to occur at 
a similar age. Similarly, the prevalence rate of patients 
with three vessel coronary disease (16 percent of all 
patients) was equal to or greater than that in most 
studies,!°:!4 and the frequency of coronary artery disease 
in our patients with angina pectoris (64 percent) was 
equal to or greater than that reported in several stud- 
ies.1° 

Significance of severity of aortic valve obstruc- 
tion: In patients with aortic stenosis, blood supply, 
especially to the subendocardium, may be restricted by 
an increase in left ventricular diastolic pressure, a de- 
crease in diastolic filling period and an increase in in- 
tramyocardial tension, which may constrict the in- 
tramyocardial arteries.!6-19 Coronary artery disease 
would further restrict blood supply to the myocardium. 
It seems reasonable therefore that patients with very 
severe obstruction at the aortic valve would have less 
coronary artery disease, and, this was generally true in 
that Group A patients with an aortic valve area of less 
than 0.40 cm? were free of coronary artery disease. 
However, eight patients with a mean systolic gradient 
across the aortic valve of more than 70 mm Hg also had 
severe coronary artery disease. Thus, a large systolic 
gradient would not preclude the need to perform coro- 
nary arteriography to assess the status of the coronary 
arteries. On the other hand, all patients with an aortic 
valve area of 1.0 c cm? or greater and angina pectoris had 
significant coronary artery disease. The circumstances 
that may provide for the simultaneous development of 
severe aortic obstruction and coronary artery disease 
in some patients is not clear. A different rate of devel- 
opment of each process and, in some cases, physical 
inactivity may allow them to reach similar degrees of 
severity at the same time. 

Significance of left ventricular dysfunction: Our 
results indicated that approximately two thirds of pa- 
tients with angina pectoris had significant coronary 
artery disease, whereas patients with a decreased ejec- 
tion fraction were more likely to have normal coronary 
arteries. It seems reasonable that longevity would be 
seriously jeopardized in patients with both severe left 
ventricular dysfunction and advanced coronary artery 
disease and few such patients would then be expected 
to be available for this study. That aortic stenosis may 
lead to ventricular ischemia, dysfunction, fibrosis and 
infarction with normal coronary arteries is well estab- 
lished.!9-7? Why some patients with normal coronary 
arteries and severely obstructive aortic valve lesions 
have angina pectoris and others have ventricular dys- 
function is not clear. In aortic stenosis, angina pectoris 
may result not only from an increased demand but also 
from an inability to increase coronary blood flow suffi- 
ciently.!®-!8 In such patients repeated episodes of sub- 
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endocardial ischemia may then lead to ventricular fi- 
brosis and dysfunction without angina pectoris.! ^1? It 
is well recognized that severe ischemic heart disease 
including myocardial infarction may occur in the ab- 
sence of angina pectoris. Perhaps patients with ven- 
tricular dysfunction and normal coronary arteries are 
similar to patients with ischemic heart disease and an 
elevated pain threshold. 

Factors accounting for differences from pre- 
viously reported data: Results of previous studies 
dealing with the value of chest pain in predicting the 
presence of coronary artery disease have been incon- 
clusive.19-15.2021 Some of these differences may be due 
to variation in gathering historical information and to 
placing value judgments on whether the pain is typical 
of angina pectoris.!^ In our study, the response to a 
prospective angina questionnaire ensured uniformity 
and objectivity in gathering historical information. 

In addition, differences in the prevalence of coronary 
artery disease in patients with aortic stenosis may be 
due to differences in the interpretation of what consti- 
tutes a significant lesion. Several models have indicated 
that approximately 75 percent obstruction is necessary 
before flow is seriously impeded.???? Clinical experience 
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in male patients with a normal aortic valve indicates a 
good correlation among symptoms, stress electrocar- 


diogram and the degree of obstruction by coronary ar- - 


teriography.?4 It is difficult, however, to be certain that. 


similar degrees of coronary obstruction carry the same 


significance in patients with a normal aortic valve and - 


those with aortic valve disease, who have increased. 


myocardial oxygen needs.?? In spite of these differences, - 
all but one of our patients without chest pain had no 
lesion obstructing either 75 or 50 percent of the 


lumen. 
Interobserver variation in estimating the degree of 


obstruction of the coronary arterial lumen may also- 


account for some of the differences between investiga- 


tors.?? We attempted to reduce such bias by having the- 
coronary arteriograms reviewed by at least three per- 
sons. At least one observer was not familiar with the- 
clinical history obtained at the time of reviewing the 


coronary arteriograms. 
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The thickness of the left ventricular free wall and internal chamber di- 
ameter were continuously measured by pairs of ultrasonic crystals to- 
gether with left ventricular pressure in normal conscious dogs. During the 
resting state, wall thickness decreased abruptly with the onset of atrial 
contraction from 10.5 mm to an average end-diastolic value of 9.8 mm. 
In contrast to most previous studies, there was no change in wall thickness 
during isovolumic systole, and with ejection the wall thickened by 31.3 
percent of end-diastolic wall thickness. Atrial pacing, phenylephrine, 
isoproterenol and propranolol produced significant changes in chamber 
size with reciprocal changes in wall thickness. In addition, changes in the 
extent and velocity of left ventricular chamber shortening in the minor 
equator were associated with comparable reciprocal changes in the extent 
and velocity of free wall thickening (correlation coefficients 0.97 to 0.99). 
During acute coronary occlusion, progressive reductions in the extent and 
velocity of regional wall shortening with partial ischemia were associated 
with comparable changes in systolic wall thickening characteristics (r 
— 0.96 and 0.95), and holosystolic elongation in fully ischemic areas was 
associated with holosystolic wall thinning. During chronic pressure 
overload, despite wall thickening, the relation between chamber short- 
ening and wall thickening were retained and direct computation of dy- 
namic wall stress variations was possible. These measurements allowed 
precise definition of the dynamics of the left ventricular wall during normal 
and abnormal cardiac states. The demonstration that in the absence of 
regional dysfunction analysis of wall thickness in a single region of ven- 
tricular free wall can be used to describe myocardial and overall left 
ventricular function, as well as regional function in the presence of isch- 
emia, constitutes a new approach to the assessment of cardiac function 
that has potential for echocardiographic applications. 


The importance of wall thickness in evaluating the mechanical perfor- 
mance of the left ventricle was recognized by Woods! in 1892 in his at- 
tempt to apply the law of Laplace to the calculation of cardiac wall 
tension, and Burton? later emphasized the relation between the shape 
and size of the ventricle and the performance of the heart as a pump. 
Various techniques have been developed in an effort to obtain quanti- 
tative information concerning changes in wall thickness during the 
cardiac cycle. These have included radiographic methods with contrast 
visualization?-!? or metallic objects attached to the myocardium, .1? 
mercury resistance gauges, specially devised dimension trans- 
ducers!4-16 and echocardiography.!/-?? However, most of these ap- 
proaches have disadvantages. With radiographic contrast methods, it 
is difficult to demarcate the boundary between the ventricular wall and 
the contrast material; the measurement of distances between radiopaque 
markers placed on the ventricle is influenced by the rotation of the heart 
and X-ray distortion, and the frequency of sampling is limited by filming 
rate; most of the transducers devised for measurement of wall thickness 
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have been attached mechanically across the ventricular 
wall, which may result in distortion of wall motion. 
Echocardiography with transmitted ultrasound lacks 
some of these problems, but it is potentially subject to 
difficulties introduced by cardiac rotation, the need to 
use specific transducer locations and angles, and in- 
ability to obtain satisfactory tracings in some subjects. 
These problems, and the wide variety of methods used 
to study dynamic changes of wall thickness, have pro- 
duced lack of agreement in reported data. 

The purpose of this study was to apply a recently 
developed ultrasonic technique for measuring left 
ventricular regional dimensions?4^-?? to a systematic 
investigation of dynamic wall thickness changes in the 
conscious dog. Wall thickness was measured together 
with the internal diameter of the left ventricular 
chamber in order to describe precisely the phasic pat- 
tern of changes in wall thickness during the normal 
cardiac cycle. In addition, we sought to define the effects 
of alterations in overall and regional left ventricular 
function on the dynamic characteristics of the wall to 
demonstrate, if possible, the usefulness of changes in 
wall thickness in assessing myocardial function. 

Our findings document the dynamics of left ventric- 
ular wall thickening under several conditions and show 
that a single transmural area of the left ventricular free 
wall can be used to reflect myocardial function and 
overall left ventricular dynamics in the absence of re- 
` gional dysfunction; in ischemic disease, the dynamics 
of regional wall thickening accurately mirror the cir- 
cumferential shortening characteristics of the adjacent 
subendocardial segment. These findings offer a new 
approach to the analysis of ventricular and regional 
myocardial function which has important implications 
for the application of reflected ultrasound to these 
purposes. 


Methods 


Instrumentation: Fifteen mongrel dogs weighing 22 to 32 
kg (average 26.9 kg) underwent right thoracotomy in the 
fourth intercostal space under sodium pentobarbital anes- 
thesia (25 mg/kg body weight intravenously). The pericardium 
was widely opened. A high fidelity micromanometer 


LVP 
(mmHg) 
dP/dt 
FIGURE 1. Left panel, original tracing showing — 9 / Sec) 
normal wave forms in a conscious dog in the basal 
resting state. From top to bottom: left ventricular INTERNAL 
pressure (LVP) and its first derivative (dP/dt), in- DIAMETER 
ternal left ventricular diameter and left ventricular (mm) 
wall thickness. Vertical lines show: (1) the point 
just prior to onset of atrial contraction, (2) end- A 
diastole, (3) the onset of ejection, and (4) end- T a NESS 


ejection. Note the lack of change in wall thickness 
during isovolumetric systole. Right panel, the lack (Mmm) 
of wall thickening is also evident in the ventricular 
premature contraction, which is isovolumetric. 
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(Konigsberg P-22) was inserted into the left ventricular 
chamber through a stab incision at the ventricular apex, and- 
a Silastic? catheter was positioned in the left ventricle to ob- 
tain zero pressure reference and calibrations. A pair of crystals 
was placed to measure continuously left ventricular wall. 
thickness. The subendocardial crystal of this pair (1.5 mm in. 
diameter, with miniature flaccid stainless steel connecting 
wires?") was held at the tip of a small teflon tube and advanced - 
diagonally to a site close to the endocardium through a tunnel. 
created by an 18 gauge hypodermic needle. The teflon tubing . 
was then withdrawn, leaving the small transducer near the- 
subendocardium facing outward. The epicardial crystal (5 mm- 
diameter disc) was sutured in place at the site where the ul- 
trasonic transit time was shortest between the two crystals. 
This technique allowed placement of the crystals across the : 
left ventricular free wall without damage to the intervening. 
tissue.”° An additional pair of ultrasonic crystals (5 megahertz 
piezoelectric discs, each 5 mm in diameter) was positioned 
through small stab incisions at the anterior and posterior 
endocardial surfaces of the left ventricular cavity, near the 
minor equator, for measurement of internal chamber diam- : 
eter. An inflatable cuff was also positioned on the ascending | 
aorta at the time of operation.?? A pacing wire was attached - 
to the right atrial appendage to control the heart rate during 
each study. 

In an additional nine dogs the left circumflex coronary ar- | 
tery was dissected free near its origin, and a hydraulic cuff was | 
placed around it.?9 In each dog, two pairs of ultrasonic crystals 
were inserted at two sites: in a normally perfused area, and in 
an area to be rendered ischemic by inflation of the cuff. One. 
crystal pair at each site was implanted subendocardially in the 
left ventricular wall in a circumferential plane for the mea- 
surement of segment length,?? and the other pair was pon 
tioned for measurement of wall thickness. 

Measurements: Hemodynamic measurements were re- 
corded during each experiment on a forced-ink oscillograph . 
and stored on magnetic tape for later playback and compu- 
tation, as described elsewhere.?5?? The details of the ultra- 
sonic technique used for continuous measurements of di- | 
mensions have been previously described.?9?9 Briefly, the 
transit time of pulses of ultrasound traversing the myocardium : 
intervening between the crystals is measured at a high repe- | 
tition rate to provide an effectively continuous measurement | 
of the length of myocardium separating the crystals. During - 
each experiment, the measured transit time was calibrated 
against a standard crystal- controlled oscillator and was con- 
verted to distance using a velocity of sound of 1.5 mm/ysec. | 
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The following four points within the cardiac cycle were 
identified for analyses (Fig. 1): (1) The point just before atrial 
contraction, identified by a small initial increase in the first 
derivative of left ventricular pressure (dP/dt); (2) end-diastole, 
the point just before onset of rapid left ventricular pressure 
increase, where dP/dt is zero; (3) the onset of ventricular 
ejection, identified by peak dP/dt.?? (This definition was 
confirmed by observations in three dogs subjected to retro- 
grade aortic catheterization which showed that the onset of 
pressure increase in the aorta immediately above the aortic 
valve coincided with peak dP/dt both before and during aortic 
constriction; as shown in other investigations [Fig. 1], a re- 
duction in minor equator diameter due to change in shape can 
occur before aortic valve opening); (4) the end of ventricular 
ejection, identified as the nadir of the ventricular diameter 
tracing. 

An index of left ventricular muscle mass was estimated by 
determining the cross-sectional area of the left ventricular wall 
in a transverse plane using end-diastolic wall thickness and 
chamber diameter to calculate internal chamber area and total 
area.” The excursions of wall thickness and internal diameter 
from end-diastole to the end of ejection were normalized by 
dividing by the end-diastolic value and was expressed as 
percent thickening and percent shortening, respectively. The 
mean velocities of wall thickening (mean Vw) and of in- 
ternal diameter shortening (mean Vıp) were obtained by di- 
viding the stroke excursion by the ejection period (defined as 
the time from peak dP/dt to the nadir of the diameter tracing), 
corrected for end-diastolic values. 

Instantaneous wall stress, expressed as WSt = P X D/4 
W'Th (where P is pressure, D is internal diameter, and W'Th 
is wall thickness), was calculated with an analog multiplier and 
a divider. X-Y plots of the wall thickness-internal diameter 
relation throughout the cardiac cycle were obtained using an 
oscilloscope. 

Certain limitations of this method for measuring wall 
thickness should be noted. 'The dimension signal obtained 
from one portion of the ventricle is assumed to be represen- 
tative of the muscle of the whole left ventricle. Obviously, in 
the presence of regional dysfunction, local and overall function 
cannot be equated even though the method can be applied to 
study segmental contractile responses.?! The blind placement 
of the subendocardial crystal leads occasionally to its dis- 
placement from an axis perpendicular to the plane tangential 
to the epicardial crystal, or to a position not precisely at the 
endocardial surface. The crystals at post-mortem examination 
were located appropriately across the ventricular free wall in 
all 15 preparations, although the endocardial crystal was po- 
sitioned 30 percent of the distance from the endocardial sur- 
face in two dogs. We have previously shown? that in most 
instances it is possible to place the crystals within 1 or 2 mm 
of the endocardium. Finally, lateral movement of the thick- 
ness crystals could be caused by shearing motion between 
epicardial and endocardial surfaces and is indistinguishable 
from radial motion by this unidimensional measuring tech- 
nique. However, measurement of phasic translation of epi- 
cardial and endocardial surfaces using multiple transducers 
and triangulation showed the lateral shearing motion to be 
small.?? Thus, although the dimensions obtained in this study 
did not always represent absolute wall thickness from an an- 
atomic point of view, it seems likely that they are reliable for 
the evaluation of relative dynamic changes during the cardiac 
cycle and for assessment of interventions in the same ani- 
mal. 

Protocol: After recovery from operation, at least 10 days 
postoperatively, the studies were performed with the dogs 
lying quietly awake on the floor. Data were obtained during 
spontaneous sinus rhythm and atrial pacing; pacing 
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frequencies were increased stepwise from 100 to 160 beats/min 
and analyses were made when a steady state was achieved. 
Seven to ten successive beats were averaged at each step. In- 
five dogs, bolus injections of phenylephrine (0.01 mg) were 
given and recordings made continuously until a steady state 
response was reached, values being recorded in a series of beats 
as the systemic pressure increased and also during the steady. 
state. In three dogs, isoproterenol (0.1 ug/kg per min) was | 
infused until a steady state was obtained in which peak dP/dt- 
was increased by 30 to 50 percent. After sufficient time had 
elapsed for complete recovery to control values, propranolol 
(1 mg/kg) was injected intravenously and measurements were 
made five minutes later. In some experiments, after these 
control studies, the aortic cuff was inflated to produce chronic 
aortic constriction and the constriction was maintained for 
an average of 18 days. The steady state responses to this in- 
tervention are reported elsewhere?6 and representative dy- 
namic changes in wall stress will be illustrated herein. 
Statistical analyses: The percent values relative to control 
values of end-diastolic dimensions and dynamic changes in 
wall thickness and chamber diameter were averaged in groups 
of dogs at the spontaneous sinus rate and at each paced rate; 
linear correlations between these variables were then calcu- 
lated using the grouped data. In response to phenylephrine 
or to acute coronary occlusion, the sequential changes in the 
dynamics of wall thickness and diameter or segment length. 
were expressed as percent of control in each dog and plotted 
beat to beat after the intervention until a steady state c 
achieved; linear regression analysis was then performed using. 
all points. In three dogs in which positive and negative ino- 
tropic interventions were used, values in the steady state were 
averaged and the percent of these values relative to average 
control levels was analyzed. A paired t test was used for other 
statistical analyses of several variables in the steady state. 


Results 


Changes in wall thickness during the normal. 
cardiac cycle (Fig. 1, Table I): In 15 normal conscious 
dogs in the basal state, wall thickness decreased during 
atrial contraction by an average of 7 percent, from 10.5. 
mm to a value of 9.8 mm during end-diastole. Wall: 
thickness then remained unchanged during isovolumic 
left ventricular systole despite a slight but significant. 
decrease in chamber diameter (31.1 to 30.5 mm). Also, 
during ventricular premature beats without shortening 
(assumed to be isovolumic beats) the wall did not 
thicken during systole. During left ventricular ejection 
the wall thickened to an average of 31.9 percent above 
the end-diastolic value. Concomitantly, internal 
chamber diameter decreased by 31.3 percent of the 
end-diastolic value. The average of the mean wall 
thickening velocities (mean Vwrh) was 1.93 wall 
thickness/sec (range 0.91 to 3.23), a value similar to the 
average of the mean shortening velocities (mean Vıp} 
of the cavity internal diameter of 1.89 diameters/sec 
(range 1.07 to 2.63). With the onset of diastole, there was 
rapid thinning of the wall followed by slower but con-. 
tinuous further thinning during slow filling. 

A consistent linear relation between the changing 
internal diameter and wall thickening during systole 
was evident during a wide variety of interventions (Fig. 
2); the diastolic relation was far more variable, pre- 
sumably because of regional variations in relaxation. 

Effects of changing heart rate: With stepwise in- 
creases in heart rate induced by right atrial pacing, there 
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WALL THICKNESS 
(mm) 





l8 30 
INTERNAL DIAMETER 


(mm) 
FIGURE 2. X-Y plot of the instantaneous relation between wall thickness 
and internal diameter during representative cardiac cycles. The lower 
loop was obtained from a control study in a normal dog and the upper 
loop from the same dog after chronic hypertrophy had been induced 
by aortic constriction. Heart rate was matched in each recording. 
End-diastolic (ED) and end-systolic (ES) points are shown by vertical 
arrows. Direct linear relations were demonstrated during systole in each 
loop (arrows directed to left). The upward shift of the loop indicates 
the increased muscle mass of the hypertrophied ventricle. 
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was a progressive increase in end-diastolic wall thick- 
ness associated with decreases of end-diastolic internal 
chamber diameter (Fig. 3A). At rates higher than 160 
beats/min, atrial systole was no longer apparent. Cal- 
culated wall cross-sectional area remained constant at 
the different heart rates (Table I). The extent of 
thickening during systole was diminished with in- 
creasing heart rate and was associated with comparable 
reductions in the extent of shortening of chamber di- 
ameter. Despite wide scatter in the absolute data be- 
cause of absolute differences among individual dogs, the 
average percent of control level of the excursions of wall 
thickness was linearly related to that of internal diam- 
eter (Fig. 3B). However, the slope became steeper when 
these data were normalized for end-diastolic values to 
permit comparison of function of ventricles of different 
size because values for end-diastolic diameter and 
end-diastolic wall thickness moved in opposite direc- 
tions (Fig. 3C). 

Effects of phenylephrine: Heart rate at steady state 
after infusion of phenylephrine was not significantly 
slower than the control value (Table I). Peak left ven- 
tricular systolic pressure and left ventricular end-dia- 
stolic pressure were significantly elevated from 139 to 
208 mm Hg and from 13 to 33 mm Hg, respectively. 
There was significant chamber dilatation, left ventric- 
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ular end-diastolic diameter increasing from 30.2 to 32.6 
mm; end-diastolic wall thickness decreased from 10.0 
to 9.4 mm. There was no significant change in calculated 
cross-sectional area. 

Phenylephrine-induced changes relative to control 
values for normalized stroke excursion of wall thick- 
ening versus that of internal chamber shortening (Fig. 
4A) and mean wall thickening velocity versus mean 
shortening velocity (Fig. 4B) were plotted. A series of 
beats were analyzed during the early course of the re- 
sponse to phenylephrine in each of the five dogs. Nearly 
linear functions relating the averages of these variables 
were obtained. 

Effects of inotropic interventions (Table I): With 
infusion of isoproterenol, heart rate increased from 76 
to 130 beats/min. Left ventricular end-diastolic pressure 
was decreased from 12 to 8 mm Hg without significant 
change in left ventricular systolic pressure, and peak 
dP/dt increased from 3,760 to 5,120 mm Hg/sec. Left 
ventricular end-diastolic diameter decreased signifi- 
cantly from 26.7 to 25.7 mm with a marked increase in 
shortening. There was a reciprocal increase in left ven- 
tricular end-diastolic wall thickness from 8.9 to 9.1 mm 
together with increased systolic thickening; cross-sec- 
tional area remained unchanged. Percent shortening 
and mean shortening velocity were augmented by 18 
and 42 percent, respectively, over control values, and 
wall thickening increased comparably; percent wall 
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thickening and mean wall thickening velocity were in- - 
creased by 18 and 40 percent, respectively, above control - 
values. 


After propranolol, heart rate decreased by 22 
beats/min, left ventricular end-diastolic pressure was. 
elevated, left ventricular systolic pressure was de- 
creased, and peak dP/dt was reduced to 3,300 mm 
Hg/sec. Left ventricular end-diastolic diameter was 
increased to 27.2 mm with concomitant wall thinning; 
cross-sectional area was unchanged. There was a 7 
percent decrease in percent shortening and 17 percent 
decrease in mean shortening velocity, and wall thick- 
ening was equally depressed by administration of pro- 
pranolol; percent thickening was reduced by 7 percent 
and mean wall thickening velocity by 16 percent. 

The correlations between normalized wall thickening 
and diameter shortening were compared (Fig. 4C) and 
between velocities of wall thickening and internal di- 
ameter shortening were established (Fig. 4D) in re- 
sponse to isoproterenol and propranolol. The relations 
between these changes are linear. 

The effects of acute coronary occlusion (Fig. 5): 
Because coronary occlusion is known to induce a prompt 
and extreme transition from normal circumferential 
shortening to passive elongation of regional myocardial - 
segments deprived of blood supply,?’:?° this intervention 
was used to determine the relation between circum- 
ferential segment function and wall thickness during 
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FIGURE 4. Changes in wall thickness and cham- 4, o 
ber diameter during responses to phenylephrine 0 
and isoproterenol. (Comparisons of percent of 0 60 70 80 90 100 0 60 70 80 90 100 
control value of normalized wall thickening and of 
the extent of shortening are represented as in 1 IOO AL % MEAN Vip 
Figure 3C.) The relation between percent of C EDD D 
control values for mean velocity of wall thickening . i 
(mean Vwrn) and for velocity of internal diameter o 160 
shortening (mean Vip) are also shown. A and B, 120 y=100x * 03 = y*094»x * 5.7 
sequential beats during the early course of the r=099 E zx 140 4 7:099 o 9 
responses to phenylephrine in five dogs. Each set — B 
of symbols indicates a series of beats in a different  z|;— !!O a 
dog. Circles with dots represents average control = > «x 120 
values. C and D, average responses to isoprote- O| 9S = 
renol and to propranolol. Average control values 100 ® » 100 å 
are indicated by the circles with dots. Each a£ » =~ E 
symbol indicates a different dog. Data were ob- 
tained by averaging several beats during the 90 807% 
steady state after the drug effect was maximal and T D a ERR NAL AS NN UE, EE ASRIY IRL SEES S. 
they are expressed as percent relative to averaged 
control values, the set of open symbols repre- 0 90 100 IO 120 0 80 100 120 140 160 
senting responses to isoproterenol (three dogs) IOOAL % MEAN Vip 
and the closed symbols responses to propranolol 96 EDD 
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these extreme modifications of regional myocardial 
contraction. After coronary occlusion, ischemic zone 
- segment lengths showed gradual reduction of systolic 
shortening accompanied by a progressive increase in 
end-diastolic length during the first 20 seconds. Then, 
early systolic expansion developed followed by pro- 
- todiastolic shortening; complete holosystolic expansion 
appeared at 1 1/2 to 2 minutes. Changes in wall thick- 
ness reflected these alterations of segment lengths. 
- Diastolic wall thickness in the ischemic segment was 
reduced immediately after coronary occlusion; wall 
- thickening during systole became gradually reduced and 
- finally was replaced by systolic thinning. In the normal 
_ control segments, transient increases of shortening and 
enhanced systolic wall thickening were seen 5 to 20 
_ seconds after coronary occlusion; subsequently, end- 
diastolic lengths gradually increased and shortening was 
augmented. These changes were associated with a 
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concomitant change in end-diastolic wall thickness and 
wall thickening during systole. 

The changes in normalized segment shortening were 
linearly related to normalized wall thickening during 
the early course of acute coronary occlusion in both 
normal and ischemic segments (Fig. 6A). Segment | 
lengths and wall thickening and thinning were similarly 
related. The changes in mean shortening velocity and 
mean wall thickening velocity were also linearly related 
(Fig. 6B). 

Effects of chronic aortic constriction and hy- 
pertrophy (Fig. 7): Left ventricular pressure, internal 
diameter, wall thickness and analog computation of wall 
stress were recorded from a representative animal 
subjected to aortic constriction to produce increased left 
ventricular pressure sustained for 21 days. In the control 
recording, peak wall stress was attained early in ejection 
before any significant increase in wall thickness; stress 
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fe n AR NS. x FIGURE 5. Effects of acute coronary 
OP i a ` pW ——— ree Ab occlusion on left ventricular pressure 


(LVP), its first derivative (dP/dt), seg- ( 
ment length and wall thickness in con- 

trol and ischemic areas. The time of 
occlusion is indicated by the arrow. 
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FIGURE 6. Changes in segment func- 
tion and wall thickening during coronary 
occlusion. A, percent of control of 
normalized wall thickening and seg- 
mental shortening (abbreviations as in 
Figure 3C). B, percent of control of 
mean velocity of wall thickening (Vy) 
versus mean velocity of segmental 
shortening (mean Vss). Each set of 
symbols indicates a series of beats in 4 
a given animal. Ischemic segments are 
shown by open symbols and control 
segments by closed symbols. Negative 
values occur during ischemia with 
systolic segment expansion and wall 
thinning. 
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then declined rapidly with progressive wall thickening 
associated with shortening of the internal chamber di- 
ameter. Immediately after aortic constriction, cross- 
sectional area remained constant in spite of significant 
changes in wall thickness and chamber diameter. Wall 
stress reached a maximal level later in ejection; this 
change was related to a delayed achievement of peak left 
ventricular pressure associated with reduced shortening 
of chamber diameter and diminished systolic wall 
thickening, peak wall stress being markedly increased. 
After sustained elevation of left ventricular pressure for 
an average of 18 days, there was an increase in wall 
thickness from an average left ventricular end-diastolic 
wall thickness of 10.2 to 11.3 mm (Table I); internal 
diameter returned to control level. This adaptation by 
hypertrophy has been shown to result in a decrease of 
peak wall stress to near normal.?6 

A linear relation was observed between wall thickness 
and internal diameter during systole after development 
of hypertrophy, as in the control state (Fig. 2). The slope 
of the loop is essentially unchanged from the control 
slope, but the intercept is higher. The parallel shift of 
the loop clearly indicates increased muscle mass. In 
hypertrophied hearts studied an average of 18 days after 
aortic constriction, internal chamber diameter de- 
creased during ejection by 29 percent and the wall 
thickened by 28 percent of the end-diastolic value. The 
average of mean wall thickening velocity was 1.55 wall 
thicknesses/sec (range 0.84 to 2.19), similar to the av- 
erage of the mean control shortening velocity of 1.61 
diameters/sec (range 0.94 to 2.33) (Table I). 


Discussion 


'The ultrasonic dimension gauges used in these ex- 
periments have proved useful in assessing segmental 
myocardial function,?7-?? and accordingly we have ap- 
plied them to study instantaneous wall thickness 
changes. The stability of this gauge has also made it 
possible to apply it to the study of chronic animal 
preparations.?6 The approach provides for the contin- 


LVP 

(mmHg) 
FIGURE 7. Effects of a sustained INTERNAL 
increase in afterload on left ven- DIAMETER 
tricular function in a conscious dog. (mm ) 


Tracings were obtained during a 
control study and 30 minutes, 13 
days and 21 days after aortic con- 
striction. From top to bottom: left 
ventricular pressure (LVP), internal 
diameter, left ventricular force wall 
thickness and wall stress obtained 
by analog computation using the 
formula: WSt = (LVP X D)/4 WTh. 
Note the increase in wall thickness 
and reduction of wall stress over 
time, as chamber shortening returns 
to normal. 
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uous measurement of a thickness dimension without 
damaging the tissue between the crystals? and with. 
minimal constraining or tethering effects on the sub- 
tended myocardium.?9-28 Using this method we have 
documented the time course of dynamic wall thickness. 
changes during the cardiac cycle in normal conscious 
dogs and analyzed the relation of these changes to in- 
ternal diameter and left ventricular pressure under 
several acutely and chronically changing conditions. 
Free wall thickness was examined in the mid regions of 
the left ventricle away from the bases of the papillary 
muscles. While it is possible that regions close to the 
atrioventricular ring and the apex might exhibit dif- 
ferent dynamics, regions relatively close to the minor 
equator were selected for study because of accessibility 
and for purposes of comparison with the internal di- 
ameter in that region; despite some variability in the 
region of crystal placement, the wall thickening and 
segment dynamics were closely similar, and in other 
studies several simultaneous wall thickness measure- 
ments around the circumference also resembled one 
another closely. The internal diameter was chosen to 
resemble closely the minor axis used clinically in cal- 
culating velocity of circumferential fiber shortening 
(Vcr).? 

Previous studies of wall thickness changes: Wall 
thickness changes observed during left ventricular 
isovolumic systole and ejection have varied widely. In 
most previous experimental studies, using devices 
connected mechanically across the wall, an increase in 
wall thickness of 6 to 10 percent during isovolumic 
systole was reported.!?-!? In one experiment in a single 
open chest dog, little or no change in wall thickness was 
found with use of an ultrasonic dimension gauge.?* A 
decrease in wall thickness during the isovolumic period 
was found in anesthetized dogs with use of an electro- 


. magnetic coil transducer! and in conscious dogs with 


ultrasonic dimension transducers.” The papillary 
muscles have been shown to be the site of earliest acti- 
vation,???4 and the mechanical sequence of contraction 
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has been demonstrated to follow closely the depolar- 
ization pathway.95-35 Therefore, proximity of the 
transducers to papillary muscles could account for oc- 
casional increases in wall thickness observed during 
isovolumic systole. In cineangiographic studies of pa- 
tients, Eber et al.$ noted that wall thickness remained 
relatively constant during the initial phase of ventric- 
ular systole, an observation also made in unanesthetized 
dogs by Lynch and Bove? using a high speed cineradi- 
ographic technique. Our observations provide direct 
support for these findings. There was a slight but sig- 
nificant decrease in internal diameter during isovolumic 
systole, a change also reported to occur in normal 
human hearts.?? 
_ During left ventricular ejection, wall thickness rapidly 
increased by 32 percent of its end-diastolic value at a 
control heart rate averaging 83 beats/min. This change 
is in reasonable agreement with the value of 28 percent 
Eos by Ross et al.*? from direct measurement of 
earts rapidly fixed at end-diastole or end- systole, and 
those of 33 percent reported by Gault et al.° using cin- 
eangiography and 34 percent reported by Belenkie et 
al. 20 using echocardiography in normal human subjects. 
In general, however, angiographic methods have usually 
substantially overestimated wall thickness because of 
infolding of trabeculae and the papillary mus- 
cles.7.11.19 
- There are few observations on ventricular wall 
thickness changes during atrial systole. Cothran et al.!? 
reported an increase in left ventricular wall thickness 
during atrial systole in the horse, and suggested that this 
change might reflect increased myocardial blood volume 
resulting from impediment to the drainage of blood 
from the ventricular wall consequent to the increased 
right atrial pressure. This change was never observed 
1 our studies; on the contrary, wall thickness always 
decreased during atrial contraction with a concomitant 
increase in left ventricular internal diameter, an ob- 
servation also made by Guntheroth.?? Cothran's ob- 
servations presumably resulted from artifact produced 
by mercury-in-Silastic resistance gauges, which are 
subject to changes in cross-sectional area or length of 
the mercury column by compression or shearing forces. 
We have examined shear-related movements of the 
crystals using a single subendocardial crystal with a 
| im three crystal epicardial surface array??; small 
ateral movements do occur (+0.5 mm) resulting in an 
error in wall thickness measurement of less than 0.5 
percent of end-diastolic wall thickness. 
— The accurate recording of instantaneous wall thick- 
ness changes as described in our study should allow 
more accurate descriptions of dynamic changes in wall 
stresses than previously available. Although it has 
generally been agreed that actual tensile stress is better 
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^ 1. Woods RH: A few applications of a physical theorem to membranes 
in the human body in a state of tension. J Anat Physiol 26:362-370, 
1892 
2. Burton AC: The importance of the shape and size of the heart. Am 
| Heart J 54:801-810, 1957 - 
- 3. Sandler H, Dodge HT: Left ventricular tension and stress in man. 
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approximated by thick-walled ellipsoidal models,?:!? the 
simplified model used in our study illustrates the value 
of this approach for assessing relative dynamic changes 
in wall stress as a consequence of changes in wall 
thickness during various acute and chronic interven- 
tions, as well as for in vivo estimation of changes in 
ventricular mass. 

Correlation of wall thickness change with ven- 
tricular function: Clinical implications: A linear 
relation obtained between wall thickness and internal 
diameter during left ventricular ejection, and end-dia- 
stolic diameters at different heart sizes induced by 
pacing or phenylephrine infusion also were linearly re- 
lated to wall thickness in individual animals. The rela- 
tion of wall thickness to internal diameter suggested 
that function and circumferential shortening charac- 
teristics of the wall could be inferred by measuring 
thickening of the wall alone. This proved to be the case, 
during both inotropic interventions and acute coronary 
occlusion. 

When grouped data in all animals were considered, 
clear-cut linear relations could be shown between rec- 
ognized measures of myocardial function (percent and 
velocity of reduction in chamber diameter or the di- 
mension, of a myocardial segment) and the extent and 
velocity of wall thickening during changes in afterload 
produced by phenylephrine and alterations in inotropic 
state induced by isoproterenol and propranolol (Fig. 4). 
These findings suggest that wall thickness changes alone 
measured with echocardiography at a single site may 
allow accurate assessment of overall left ventricular 
function in man, in the absence of regional dysfunction. 
Similar correlations were shown between regional seg- 
ment length and wall thickness during the development 
of ischemia. Regional myocardial function after occlu- 
sion of the circumflex coronary artery was previously 
studied in unanesthetized dogs using ultrasonic crystals 
implanted subendocardially for the measurement of 
segment lengths.?? Our present studies, in which wall 
thickness was measured simultaneously, showed re- 
ciprocal relations between end-diastolic and dynamic 
segment length and wall thickness, and linear correla- 
tions between the magnitude of changes in shortening 
extent and velocity and extent and velocity of wall 
thickening during partial and complete ischemia. The 
general form of the wall thickness changes reported 
herein closely resembles that of the changes described 
for the posterior wall of normal human subjects studied 
with echocardiography.!?-!? Our findings provide a firm 
experimental basis for using echocardiographic analysis 
of wall thickness in man?! to evaluate the severity of 
regional dysfunction due to acute ischemia, as well as 
to assess myocardial and ventricular function in the 
absence of regional dysfunction. 
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Using epicardial electrograms others have established that infusion of 
isoproterenol increases myocardial injury after acute coronary occlusion. 
To define the contribution of alterations in collateral blood flow to this 
increased ischemia, isoproterenol was administered to 10 dogs. After 
pretreatment with practolol in doses that successfully block inotropic but 
not vascular effects of beta adrenergic stimulants, intracoronary isopro- 
terenol continued to enhance the magnitude of S-T segment elevation in 
ischemic areas. Thus, vasodilation induced by isoproterenol appears to 
divert flow from the ischemic area. To test this hypothesis, intracoronary 
adenosine was given to cause coronary vasodilation without enhancing 
inotropy. S-T segment elevation at ischemic and adjacent sites was sig- 
nificantly increased. Neither agent had systemic effects, but each in- 
creased coronary blood flow while concomitantly decreasing collateral 
flow as evidenced by a reduction in retrograde coronary flow and pe- 
ripheral coronary pressure. In addition, adenosine significantly diminished 
the rate of xenon-133 clearance from the ischemic myocardium. Thus, 
isoproterenol, in addition to its positive inotropic effect, increases myo- 
cardial injury by its vascular action. Collateral blood flow to acutely 
ischemic myocardium is diminished by the production of a coronary steal. 
Intravenously administered isoproterenol additionally diminishes collateral 
flow by decreasing coronary perfusion pressure. It is postulated that any 
agent that causes either a primary or secondary coronary vasodilation 
may cause a coronary steal and subsequently enhance myocardial inju- 


ry. 


The feasibility of limiting the extent of myocardial ischemia by either 
mechanical or pharmacologic means has been extensively examined in 
an animal model.!-!4 This approach may have important clinical ap- 
plications if therapeutic measures can be developed to limit successfully 
the extent of myocardial necrosis after acute coronary occlusion. The 
rational introduction of experimental techniques into a coronary care 
unit requires awareness of the mechanism by which agents either exac- 
erbate or ameliorate myocardial ischemia. Although alteration of myo- 
cardial metabolism is widely recognized as one such mechanism,? sur- 
prisingly little attention has been focused on the effect of changes in 
coronary collateral blood flow. A coronary vasodilator might be one's 
first choice as an agent for enhancing myocardial survival. However, 
agents that dilate arterioles in normal areas may initiate a "coronary 
steal" in the ischemic area and have an associated deleterious effect on 
indexes of ischemia. 

Isoproterenol is both a potent positive inotropic agent and a coronary 
vasodilator, and both properties may be deleterious to ischemic muscle. 
Accordingly, in these experiments we studied the changes in collateral 
flow and subsequent ischemic injury induced by isoproterenol. This 


880 December 1976 The American Journal of CARDIOLOGY Volume 38 


UU SN OT IUE IERILE SIUE L7 Re eS SUICIDE Sas on 
e od ` ^ r , P" * , 


agent, which is capable of dilating the coronary vascu- 
lature directly, as well as indirectly because of the en- 
hanced myocardial metabolism, diminished collateral 
flow and aggravated myocardial ischemia. These studies 
emphasize that agents may affect infarct size by modi- 
fying either collateral blood flow or myocardial me- 
tabolism. 


Methods 


Experiments were performed in 22 mongrel dogs anesthe- 
tized with sodium pentobarbital (27.5 mg/kg body weight). 
Additional amounts were administered as required to main- 
tain prolonged anesthesia. A polyvinyl catheter was intro- 
duced into the thoracic aorta through a femoral artery for 
measurement of systemic pressure with a Statham transducer. 
After endotracheal intubation and mechanical ventilation 
with an intermittent positive pressure respirator using 100 
percent oxygen, a left thoracotomy was performed. Anti- 
coagulation was produced by injection of 20,000 units of 
heparin and maintained by injection of 10,000 units every 1 
to 2 hours. 

Experimental preparation: In 10 animals the main left 
coronary artery was cannulated with a modified Gregg cannula 
introduced into the left subclavian artery and securely tied 
in place just proximal to the main left coronary bifurcation 
(Fig. 1). The resistance of the perfusion tubing from the 
location of the proximal coronary pressure gauge to the tip of 
the Gregg cannula used in these animals was determined with 
blood and found to be 1.4 mm Hg-min/100 ml over the range 
of flow values encountered. The coronary vascular bed was 
perfused with blood from a femoral artery. The perfusion 
tubing also contained an extracorporeal flow probe attached 
to a Biotronex 410 electromagnetic flow meter, a side arm for 
measurement of coronary perfusion pressure with a Statham 
transducer, and a site for intracoronary drug injection. This 
preparation showed marked autoregulation of coronary blood 
flow so that steady state coronary resistance decreased when 
perfusion pressure was lowered from the control level.!^ 
Maintenance of constant coronary pressure was achieved by 
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1 
perfusion from a reservoir (Fig. 1). The level of perfusion 
pressure was determined by the height of the reservoir. Either. 
the distal left anterior descending coronary artery or the major 
diagonal branch was isolated and a suture passed underneath 
it. Myocardial contractile force was measured in normal areas 
with an isometric strain gauge arch (manufacturer, John. 
Warren, P.O. Box 412, Charlestown, S. C. 29402) sewn to the. 
epicardium and oriented parallel to the superficial fibers. A 
polyvinyl catheter was introduced into the left ventricular 
cavity through the left atrial appendage to measure end-dia-- 
stolic pressure. The first derivative of left ventricular pressure 
(dP/dt) was obtained by electronically differentiating the left 
ventricular pressure. An epicardial electrogram was recorded. 
with an exploring electrode consisting of a saline- impregnated 
cotton wick in a 0.4 cm diameter metal cylinder. A Wilson 
central terminal formed from three limb leads was used as the 
negative lead. The gain of the signal was adjusted so that 1 mv 
was equivalent to 1 mm on the recording paper. All signals. 
were recorded directly on a multichannel oscillograph. 

Freshly prepared saline solutions of isoproterenol and. 
adenosine were administered to these animals. A continuous. 
intracoronary infusion of adenosine (Sigma Chemical), 0.58 
mg/min, was delivered with the aid of a Harvard Apparatus. 
constant infusion pump. Isoproterenol was injected directly 
into the perfusion tubing at a rate of 0.29 ug/min. The infusion 
rate of isoproterenol was increased 10-fold in animals M 
the drug intravenously. 

Epicardial S- T mapping: Experiments in 11 dogs dem- 
onstrated the reproducibility of epicardial mapping in ex- 
perimental animals. Ligation of the left anterior descending 
artery produced maximal S-T segment elevation at distal sites 
within 7 minutes. Thereafter there were no consistent changes 
up to 25 minutes. Ventricular arrhythmias were conspicuously 
absent during the 25 minute observation period in most of the 
preparations, and the hemodynamic state was stable. Release 
of the snare promptly returned S-T segments to control levels. 
Reocclusion after a 30 minute equilibration period produced 
S-T segment elevations similar to those initially seen. These 
results confirm data from earlier reports.^?!6 The use- 
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fulness of epicardial mapping in the documentation of re- 
gional myocardial ischemia has been demonstrated by 
others.25-7.13,17-19 

Protocol: In these experimental animals the isolated cor- 
onary arterial branch could be reversibly occluded with a 
snare. Coronary perfusion from the constant pressure reser- 
voir was commenced, and a control electrogram was recorded 
from 12 to 14 epicardial sites. Approximately six of these sites 
were distal,to the ligature and in the potentially ischemic zone. 
Coronary perfusion pressure, coronary blood flow, left ven- 
tricular pressure, left ventricular dP/dt, strain gauge arch 
deflection and systemic pressure were recorded during brief 
periods of apnea. The coronary vessel was then occluded. After 
7 to 8 minutes all variables were recorded again, and a second 

et of epicardial electrograms was recorded. While the coro- 
tes occlusion was maintained, intracoronary infusion of ei- 
r isoproterenol or the vasodilator adenosine was admin- 
istered to 10 animals. Recording of all measurements including 
epicardial electrograms was performed at least 7 minutes after 
the start of the infusion. The infusion was then discontinued, 

e snare released, and the animal allowed to recover for at 
least 30 minutes. The sequence was then repeated with in- 
tracoronary infusion of the second vasodilator. After a second 
recovery period of approximately 30 minutes, the 8 animals 
with successful isoproterenol infusions were treated with in- 
travenously administered practolol, 1.25 mg/kg. After con- 
firmation of the adequacy of blockade of the positive inotropic 
effects of an intracoronary bolus injection of 0.2 ug of isopro- 

erenol, the previous sequence was again repeated during 
»ontinuous infusion of isoproterenol. 

- Four animals were prepared i in a similar fashion without 
ooulatión of the main left coronary artery. In these animals 
the effect of intravenous infusion of isoproterenol on systemic 
pressure, left ventricular pressure, left ventricular dP/dt, 
strain gauge arch recording and the epicardial electrogram 
before and after beta adrenergic blockade with practolol was 
lemonstrated. 

- After completion of these studies in 6 of the 10 animals with 
an indwelling Gregg cannula and in 3 of the 4 animals without 
a main left coronary arterial cannula, a catheter was intro- 
luced into the coronary branch at the site of prior isolation. 


TABLE | 


Retrograde blood flow and mean distal coronary pressure were 
recorded under control conditions in these animals. The ef- 
fects of intracoronary administration of adenosine and iso- 
proterenol after treatment with practolol were noted in the 
animals with Gregg cannulas in place, whereas only intrave- 
nous infusion of isoproterenol was used in the three animals 
with an intact coronary circulation. 

Xenon-133 clearance studies: Xenon-133 clearance?? was 
used as a second index of collateral blood flow during intra- 
coronary administration of adenosine in eight dogs. In these 
animals a Gregg cannula was inserted into the main left cor- 
onary artery and a branch of the left anterior descending ar- 
tery was isolated as before. The latter branch was then ligated 
proximally and the distal end cannulated. Blood flow was then 
restored to this branch by diverting blood to it from the main 
perfusion tubing. Gamma emission from xenon-133 was de- 
tected with a collimated sodium iodide crystal that was con- 
nected to a linear rate meter. During cessation of flow to this 
branch, 0.01 to 0.02 ml of a solution of xenon in saline solution 
was injected into its perfusion tubing and gently flushed into 
the distal vascular bed with 3 to 5 ml of blood or saline solu- 
tion. A xenon-133 washout curve was continuously recorded 
for approximately 2 minutes during the control state, for two 
minutes during a constant intracoronary infusion of adeno- 
sine, and for 2 to 3 minutes after discontinuation of the infu- 
sion. At the end of this period the occlusion was released and 
blood flow restored to the ischemic myocardium. Intracoro- 
nary administration of adenosine elicits coronary dilation and 
increased coronary flow within 10 to 15 seconds of the start 
of infusion, and its vascular effects are terminated within 20 
seconds of the end of administration. The rapid onset and 
decay of effect permit the recording of the sequence described 
during one xenon clearance. Sixteen xenon-133 clearances 
were recorded in this manner. 

Despite the use of a constant pressure perfusion apparatus, 
the increase in flow induced by intracoronary infusion of 
adenosine caused a small decrease in coronary perfusion 
pressure. To evaluate the effect of a decrease in coronary 
pressure, epicardial S-T segments, retrograde flow and 
xenon-133 clearance were measured after lowering of the 
reservoir. 


Effect of Coronary Arterial Occlusion and Vasodilator Drugs on Hemodynamic Variables and Epicardial Electrograms 


mean + standard error of the mean) 








i, Changes Induced by Addition of Intervention 2 to Intervention 1 

B ERE POA NE IO NOTEN E BEE OER BR L s 

1 | NEAN nat alle A A Strain 

E Epicardial Epicardial Coronary A Gauge ALV A Mean A Heart 

M Electrogram Second Electrogram Blood Coronary Arch dP/dt Blood Rate 

Dogs First eet re. Mater: Flow Pressure Deflection (maxi- Pressure  (beats/ 

no. ) Intervention XZS-T (mv) N-ST vention  ZS-T (mv) (ml/min) (mm Hg) (96) mum) (95) (mm Hg) min) 

40  LAD ocel 13.2 4.1 ICA X 28.1 5.7 85.0 —6.6 —4.7 —5.7 49-45-28 

b. +2.9 +0.7 +4.8t £0.71 +12.3 +1.0 +2.5 +1.4 +2.3 +5.7 
8 LAD occ! 16.0 3.2 IC Iso 34.6 5.9 22.2 —1.8 95.8 52.9 6.1 4.4 

à +6.8 +0.7 +7.9t +0.81 +3.6 +0.8 +11.7 +5.6 +2.8 +3.3 
.7*  Practolol + 10.1 4.4 IC Iso 17.4 5.7 18.3 —0.9 13.3 7.0 4.0 —0.1 

t LAD occi +3.09 +0.9% £3.518 +0.8T f +4.59 +0.99 +2,58 +1.88 +3.19 +1.2 

«4 LAD occl 8.9 3.2 IV Iso 31.9 6.5 Ys f 67.0 54.7 —13.8 28.2 

te +1.3 10.2 £241 +0.6T +55 +9.3 +3.4 +8.2 

4 Practolol + 9.1 4.8 IV Iso 19.3 6.3 6.0 9.3 —12.5 10.8 

LAD occl +1.71 +0.61 +1.6t$ +0.9*4 N V £3.18 +2.48 +3.49 +3.61 


- *Practolol blocked the coronary vascular responses in one animal, and the results obtained in this experiment are not jncloges in the calculations. 

-. Tt 8f Statistical analysis of changes in epicardial electrograms induced by addition of intervention 2 (t P «0.05; * not significant); statistical 

inal ysis of effect of practolol on changes induced by interventions 1 and 2 in hemodynamic variables and epicardial electrograms: Sp <0.05; 
‘not significant. - 

_A = adenosine; A = change; IC = intracoronary; Iso = isoproterenol; IV = intravenous; LAD = left anterior descending coronary artery; LV = 

eft ventricular; N-ST = number Gf epicardial sites with S-T segment elevation greater than 1.5 mv; occl = occlusion; ES-T = sum of S-T segment 

llevations recorded from ischemic epicardial sites. 
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Calculations: Analysis of all epicardial electrograms was 
performed in a manner similar to that of Maroko et al.? At 
each recording site the S- T segment deviation present before 
coronary occlusion was subtracted from the amount present 
afterwards to determine the S- T segment change elicited by 
ischemia. S-T elevation greater than 1.5 mv was considered 
significant. Significant S- T depression was sometimes ob- 
served in sites in the marginal area between normal and 
ischemic myocardium. These sites were omitted from the final 
calculations. The summation of changes in S-T elevation (X 
S-T) has been suggested to represent the degree of myocardial 
ischemia, and the number of sites with significant S-T ele- 
vation (N-ST) the extent of ischemia.? 

All xenon-133 washout curves were replotted on semiloga- 
rithmic paper and the best straight line fitted by eye to the 
points. The half-time decay (t;/;)) was determined from the 
slope, and flows were calculated according to the equation?!: 
flow = K/t;;». Any sequence of xenon-133 washouts in which 
the flow after discontinuation of infusion of adenosine did not 
return toward control level was not used in the calculations. 
Therefore, 10 sequences in six animals were analyzed. 

All results are expressed as means + standard error of the 
mean. Student's test for independent observations was used 
to determine the significance of differences.?? 


Results 


Hemodynamic measurements in the control animals 
during 25 minute occlusions of the distal left anterior 
descending coronary artery or major diagonal branch 
were quite stable. For the animals used in these exper- 
iments control systolic left ventricular pressure was 
122.3 + 3.1 mm Hg, left ventricular end-diastolic pres- 
sure 3.0 + 0.8 mm Hg, mean coronary flow 99.4 + 11.2 
ml/min and heart rate 171.8 + 8.0 beats/min. 

Effects of isoproterenol: The effects of isoprote- 
renol and adenosine on epicardial electrograms and 
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hemodynamics are tabulated in Table I. Both intraco- 

ronary and intravenous isoproterenol infusions signif- 

icantly increased the degree and extent of ischemia (P 

<0.025) (Fig. 2). During intracoronary infusion, coro- 
nary blood flow increased by an average of 22.2 + 3.6 
ml/min. During intravenous infusion of isoproterenol, 
mean systolic pressure decreased by 14.3 + 4.7 mm Hg. 
Practolol significantly blocked the inotropic effect of 
isoproterenol. Despite this blockade, intracoronary 

administration of isoproterenol continued to increase 
significantly the ischemic injury, although the incre- 

ments were less than those seen before the adminis- 
tration of practolol (average E S- T increased from 16.0. 
to 34.6 mv before administration of practolol and from. 
10.1 to 17.4 mv after beta blockade) (Fig. 3). Intravenous 
administration of isoproterenol elicited similar changes- 
(average X S-T increased from 8.9 to 31.9 mv before 
practolol and from 9.1 to 19.3 mv after beta blockade) 
(Table I). Practolol did not alter the vascular effects of 
this catecholamine, as indicated by similar reductions 


in pressure. In seven of eight dogs treated with practolol, 
onary flow by an average of 18.3 + 4.5 ml/min; only in 
one animal was there no increase in coronary blood flow. 
In this animal differential blockade was not successful, 
and there was no further elevation of S-T segments - 
during infusion of isoproterenol. These data were not. 
included in the statistical analysis. " 
Effects of adenosine: Because practolol blockade 
of the inotropic action of isoproterenol was not complete, 
the effect of adenosine, a vasodilator without inotropic 
properties, on the same indexes of ischemia was inves- 
tigated. In the presence of an occluded left anterior 
descending artery, adenosine significantly increased - 
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FIGURE 2. Effects of vasodilators on myocardial ischemia as indicated by the summation of S-T segment elevation (= S-T) and the number of sites | 
in the ischemic area in one representative experiment. The intracoronary (IC) administration of adenosine (left panel) after occlusion of the left 
anterior descending coronary artery (LAD) increased myocardial ischemia. The intracoronary infusion of isoproterenol (ISOPROT.) produced significant 
myocardial injury (center panel). After selective blockade of the inotropic properties was produced with practolol, intracoronary administration 
of isoproterenol (right panel) continued to increase myocardial injury, documenting the deleterious effect of coronary vasodilation in this 


model. 
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both the degree (X S- T) (P <0.001) and extent (N-ST) 

(P <0.025) of myocardial ischemia (Fig. 4). During the 
period of drug infusion, coronary blood flow increased 
by 85.0 + 12.3 ml/min (range 34 to 167 ml/min). How- 
ever, there was no evidence of enhanced inotropy as 
‘documented by recordings of left ventricular dP/dt and 
‘strain gauge deflection. 

_* Retrograde flow and peripheral coronary pres- 
‘sure (Fig. 5, Table II): Isoproterenol decreased ret- 
rograde flow by 20.1 + 4.9 percent when injected di- 
rectly into the coronary circulation and by 24.5 + 1.9 

percent when injected intravenously. Peripheral coro- 

pressure decreased by 18.7 + 5.4 percent and 23.0 
ES. 2 percent, respectively. Retrograde flow was di- 
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FIGURE 4. Data for all dogs studied during intracoronary infusion of 
- adenosine. The heavy lines connect data points in single animals. The 
open circles represent the means, and the length of the vertical bars 
denotes 2 standard errors of the mean. The difference between the 
means is statistically significant. Abbreviations as in Figure 3. 
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minished 37.5 + 3.5 percent by intracoronary admin- 
istration of adenosine, and peripheral coronary pressure 
decreased by an average of 8.0 mm Hg. 

Xenon-133 clearance: Adenosine significantly af- 
fected the clearance of xenon-133 from the ischemic 
area (Fig. 6). Collateral blood flow before drug infusion 
averaged 16.1 + 3.1 ml/min per 100 g. Adenosine de- 
creased the flow by 59.5 + 7.3 percent (Table II). The 
intracoronary infusion of adenosine increased coronary 
blood flow concomitantly with a visible change in slope 
of the xenon-133 clearance curve. With termination of 
the adenosine infusion coronary flow returned to its 
control level, and the clearance returned to within 10 
percent of the pre-adenosine level. The six discarded 


FIGURE 3. Data for all dogs with occlusion of the left 
anterior descending coronary artery (LAD OCCL.) studied 
during intracoronary (IC) infusion of isoproterenol (ISO- 
PROT.) before (left panel) and after (right panel) beta 
blockade with practolol. The heavy lines connect data 
points in single animals. The open circles represent the 





rays aree means, and the length of the vertical bars denotes 2 

"HALO standard errors of the mean. The difference between the 

IC ISOPROT. means in the two panels is statistically significant. 
TABLE II 


Effect of Vasodilator Drugs on Collateral Blood Flow 
(mean + standard error of the mean) 


Control 
Collateral Indexes 


Xenon- 
Retro- 133 
grade Washout 


Drug-Induced Change (%) 





Flow (ml/min PCP Retro- Xenon- 
Dogs (ml/ per (mm Inter- grade 133 
(no. min) 100g) Hg) vention Flow Washout PCP 
4 1.9 is 39.0 IC Iso —20.1 qv —18.7 
*0.3 +4.5 +4.9* +5.4* 
3 1.5 zs 27.7 IV Iso —24.5 Mud —23.0 
+0.2 +3.9 +1.9* f£3.4* 
6 32 Re 37.8 ICA —37.5 3A" —22.8 
+1.0 +2.5 +3.5*t +3.5*t 
Dista 16.1 Ses ICA Pape —59.5 
+3.1 t7.3*t 


* All drug-induced changes were statistically significant (P <0.05). 
Because of the small decrease in coronary perfusion pressure in- 
duced by intracoronary adenosine, these values slightly overestimate 
the effect of the agent itself. See text. 
PCP - peripheral coronary pressure; other abbreviations as in 


Table |. 
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clearance experiments also demonstrated marked 
diminution of isotope washout during adenosine infu- 
sion. However, because the clearance did not increase 
to control levels after discontinuation of drug admin- 
istration, reliability of the clearance measurements was 
questioned. Therefore, to avoid bias, these experiments 
were not included in the calculations. 

Effects of decreased perfusion pressure: Despite 
the use of a coronary perfusion reservoir, the large in- 
crement in coronary flow of 85.0 + 12.3 ml/min induced 
by adenosine infusion resulted in a decrease in pressure 
in the perfusion tubing averaging 6.6 mm Hg (Table I). 
The perfusion reservoir was mechanically lowered on 
five occasions in three animals to examine the effect of 
decreased perfusion pressure. For an average decrease 
in pressure of 15.4 + 3.8 mm Hg, the average change of 
ES-T elevation of 5.1 + 3.5 mv was noted over 14 sites. 
This is consistent with calculations made using the 
published regression equation relating XS-T to changes 
in mean perfusion pressure.” The difference between 
the effects on the degree of ischemia elicited by aden- 
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imm Hg! 
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FIGURE 5. Effects of intracoronary administration of 
adenosine and isoproterenol on retrograde flow and pe- 
ripheral coronary pressure in a representative animal. 
Adenosine and isoproterenol each decreased these two 
indexes of collateral flow in proportion to the degree of 
induced coronary vasodilation. Abbreviations as in Figure 
3. 
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FIGURE 6. Effect of intracoronary 50 
administration of adenosine on 40 


xenon-133 clearance from an 30 
ischemic myocardial area in a rep- 
resentative animal. Xenon-133 was 
injected into the distal portion of the 
occluded vessel, and the clearance 


was measured before, during, and CPM x 1072 
after administration of adenosine, 9 
and after release of occlusion of the 8 
left anterior descending coronary 
artery. The count rate recorded 5 
from the precordial area is pre- 4 
sented semilogarithmically. The 


half-time (t1/2) for each part of the 
experiment is indicated. CPM = 


counts per minute; other abbrevia- 5 55 105 


tions as in Figure 3. 
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osine and simple reduction of perfusion pressure re- 
mains highly significant (P «0.001). Comparable dec-. 
rements in coronary perfusion pressure caused retro- 
grade flow to be diminished by 15.2 + 6.4 percent, and 
xenon-133 clearance by 8.6 + 5.6 percent. These ad- 
justments do not substantially alter the quantitative 
significance of the effects of adenosine on the mea- 
surements of collateral flow. E 
Discussion 


Our study demonstrated that isoproterenol, as well 
as the potent coronary vasodilator adenosine, may 
further diminish the blood flow to ischemic myocardium | 
and subsequently increase the magnitude of observed 
ischemia. Apparently vasodilation in normal areas in- 
duces a reduction of blood flow in ischemic myocardium. 
even though measured coronary perfusion pressure is. 
unchanged. This phenomenon has been termed “coro- 
nary steal." ?? Other manipulations including infusion 
of mannitol,? counterpulsation!^!??4 and changes in. 
coronary perfusion pressure??.142526 have been docu- 
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 mented to affect directly both collateral blood flow and 
ischemia. Ischemia may also be directly affected by 
agents altering myocardial metabolism. However, 
agents that increase metabolic demands will also elicit 
- secondary increases in flow to normal myocardium and 
[hence have the potential to initiate a coronary steal. 
Thus, in attempting to define the mechanism by which 
agents or interventions affect myocardial ischemia, we 
-suggest that the dual actions on collateral flow and 
myocardial metabolism should be considered. 
_ Inotropic versus vasoiiating effects of isopro- 
'terenol: Maroko et al.? have previously demonstrated 
that intravenous administration of isoproterenol in- 
“creases the extent as well as the intensity of myocardial 
‘ischemia. We are able to confirm this observation, and 
extend it to the use of intracoronary infusion of iso- 
 proterenol. This drug has a significant positive inotropic 
effect and increases both maximal left ventricular dP/dt 
and the magnitude of deflection of the strain gauge arch 
- (Table I). In order to separate the metabolic and vas- 
| cular effects of this drug, we administered practolol to 
‘the experimental animals. Mark et al.?? demonstrated 
‘that small doses of this agent produce a selective 
blockade of isoproterenol's inotropic effect while pre- 
„serving the vasodilatory activity mediated by beta ad- 
_renergic receptors in the coronary and peripheral vas- 
culature. Table I indicates that the dose of practolol 
used had little effect on the ability of isoproterenol to 
increase coronary blood flow when administered by the 
intracoronary route or to decrease systemic pressure 
-when given intravenously. However, the inotropic effect 
after beta blockade was approximately one-eighth of 
that before administration of practolol. Under these 
E conditions isoproterenol continued to increase the in- 
"tensity and area of myocardial ischemia (Fig. 3), al- 
"though the response was reduced. The increment in the 
‘sum of S-T elevation was 40 percent as great as that 
before administration of practolol. 
Coronary steal mechanism: The vasodilatory 
_property of isoproterenol is the probable cause of these 
observations. This agent dilates the coronary vascula- 
"ture in the normally perfused myocardial areas while 
having no effect on the already dilated arterioles in the 
‘ischemic region distal to the arterial occlusion. Blood 
‘flow to the normal area increases and, because of the 
E relatively fixed resistance of the large proximal coronary 
"arterial segments, the perfusion pressure at the origin 
of the collateral vessels decreases with resultant re- 
- duction of collateral blood flow. Blood vessels supplying 
‘the ischemic area cannot further dilate to compensate 
for this fall in pressure. Thus ischemia is increased. 
— This mechanism, a coronary steal, has been demon- 
strated with other vasodilators in experimental animals. 
_ Although Kattus and Gregg” were unable to explain the 
decrease in retrograde flow following administration of 
 nitroglycerin to dogs, their observation perhaps repre- 
-sents the earliest reported example of coronary steal. 
-Khouri and Iza?? have documented a diminution in 
collateral flow to ischemic regions after intracoronary 
-administration of nitroglycerin. After acute coronary 
„occlusion, carbochromen.elicits marked decrements in 
collateral flow in some dogs while significantly aug- 
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menting flow in normal areas, although the observed 
decrease in collateral flow was not statistically signifi- 
cant for the entire experimental group.?? Collateral flow 
is also diminished while total coronary flow is increased 
after administration of dipyridamole in dogs with 
acute and chronic?!?? coronary obstruction. Thus 
adverse effects on collateral blood flow are not unique 
to the dilating drugs used in our study. 

Coronary steal may also be responsible for redistri- 
bution of blood flow across the myocardial wall. Re- 
cently, Forman et al.?? demonstrated a diminished flow 
to ischemic myocardium and appearance of subendo- 
cardial ischemia after administration of nitroglycerin 
to animals with critical levels of coronary obstruction. 
Several years earlier, based on analysis of a model of the 
coronary circulation, Winbury et al.?* had postulated 
a flow redistribution favoring the epicardium after ad- 
ministration of either dipyridamole or chromonar. A 
transmyocardial flow redistribution has been docu- 
mented after infusion of lidoflazine?? and dipyrida- 
mole, as well as after the combination of carbochro- 
men treatment and pacing-induced tachycardia?” in 
dogs with chronic coronary arterial occlusion. 

To test more rigorously the hypothesis that a coro- 
nary dilator may be injurious to the heart, we infused 
adenosine, a powerful vasodilator without any direct 
inotropic or metabolic effects. This drug clearly aggra- 
vated the ischemia distal to the occlusion of a coronary 
artery. Because this agent is known to have principally 
vascular effects, it seems certain that the cause of the 
increased ischemia is decreased collateral flow initiated 
by a coronary steal. 

Role of reduced coronary perfusion pressure: An 
attempt to quantitate the decrement in collateral flow 
induced by both adenosine and isoproterenol was made 
by measuring the amount of backbleeding from the 
segment of the coronary artery distal to the occlusion. 
Adenosine induced a 37.5 + 3.5 percent decrease in this 
index of collateral flow. In our experiments the small 
uncontrolled pressure drop induced by intracoronary 
adenosine would result in only a 9 percent decrease in 
retrograde flow according to the data of Brown et al.,?9 
whereas our more limited direct measurements suggest 
a decrease of approximately 15 percent. Therefore, this 
would indicate there was a net decrease of at least 23 
percent caused by the direct action of this drug on the 
coronary vasculature. Isoproterenol, when infused into 
the coronary artery of dogs previously treated with 
practolol, had little effect on coronary perfusion pres- 
sure and decreased the amount of retrograde flow by 20 
percent. Intravenously administered isoproterenol 
would be expected to affect collateral flow by two 
mechanisms: a “coronary steal” similar to that initiated 
by intracoronary drug infusion, and a decrease in aortic 
diastolic pressure secondary to the agent's peripheral 
vasodilation. Previous studies using intravenously ad- 
ministered isoproterenol?!^ have documented a re- 
duction in perfusion pressure but have failed to consider 
the effect of this change in perfusion pressure on col- 
lateral flow and developing ischemia. In our present 
study, isoproterenol decreased mean systemic pressure 
by 14.3 mm Hg and therefore would be expected to de- 
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crease retrograde flow by approximately 16 percent.?6 
We measured a reduction of 25 percent and suggest that 
the additional decrement of 9 percent was caused by the 
drug's direct effect on the coronary vasculature. The 
decrease in peripheral coronary pressure after admin- 
istration of either isoproterenol or adenosine corre- 
sponds to the changes in retrograde flow (Table II). 

Despite the obvious changes in retrograde flow in- 
duced by both isoproterenol and adenosine, it has been 
suggested that this measurement does not represent 
total collateral flow.?? In an attempt to assess more di- 
rectly the effect of coronary vasodilation on total col- 
lateral flow, we also measured the rate of xenon-133 
clearance from the myocardium distal to the occlusion. 
Adenosine prolonged clearance rates 59.9 percent, thus 
indicating that this drug significantly decreased col- 
lateral blood flow. Because of the relatively brief dura- 
tion of the three phases of each xenon-133 experiment, 
a single compartment analysis was necessary and we 
were unable to detect heterogeneity of collateral 
flow.?93? However, the change in clearance during ad- 
ministration of adenosine cannot merely be attributed 
to the appearance of a slow flow component because 
clearance in each reported case returned toward control 
rates when infusion of adenosine was discontinued. 

'The changes in collateral flow reported here are as- 
sociated with large S-T segment shifts. Epicardial 
electrograms are apparently very sensitive to small 
changes in flow to the ischemic area although the precise 
nature of the relation between flow and S-T segment 
elevation is unknown. 

Role of vasodilating drugs in myocardial isch- 
emia: This study demonstrates coronary steal induced 
by both isoproterenol and adenosine after complete 
coronary occlusion. To initiate a steal there must be two 
parallel vascular pathways with a proximal common 
segment. In this study, one pathway was able to undergo 
dilatation in response to administered agents (the 
normal left circumflex system), while the other was 
nearly maximally dilated (the ischemic left anterior 
descending system). The proximal common segment 
either did not respond to the dilating stimulus or re- 
sponded to a smaller degree than the distal vascular bed. 
Our experiments show that coronary steal can be in- 
duced when the large coronary vessels are normal. In 
patients with coronary atherosclerosis, proximal coro- 
nary lesions would further diminish distal coronary 
pressure after the administration of vasodilating agents 
and would be expected to increase the magnitude and 
significance of the coronary steal phenomenon. On the 
other hand, some coronary vasodilators could increase 
collateral blood flow and diminish myocardial ischemia 
if their effects were limited to the proximal common 
segment, to vessels in the ischemic region or to the col- 
lateral channels.?? 

The increase of S-T elevation induced by isoprote- 
renol was significantly less after blockade with practolol 
(P «0.025), thus suggesting that the drug's inotropic 
property accounts for part of the detrimental effect. To 
document the direct metabolic effect of isoproterenol 
on ischemic myocardium, in preliminary experiments 
in four dogs the drug was continuously infused into the 
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coronary circulation while the vasculature was maxi- 
mally dilated by adenosine. Since isoproterenol could 

effect no additional vasodilation, any alteration in 
ischemic injury would be secondary to this drug’s pos- 

itive inotropic action. Under these experimental con- 
ditions ES-T was increased, suggesting that alteration 

of the myocardial metabolic state is indeed an inde- 
pendent determinant of this index. 

Although isoproterenol increases the p yoced dtl 
oxygen consumption of normal myocardium,” its effect 
on ischemic muscle is not clear. Oxygen extraction in the. 
ischemic area would be expected to be maximal. 
Therefore, a diminution of collateral blood flow during 
infusion of isoproterenol would decrease oxygen avail- 
ability and might subsequently decrease oxygen con- 
sumption. Despite a net decrease in oxygen consump- 
tion of the ischemic muscle, the diminished availability 
of oxygen coupled with the enhanced metabolic state 
initiated by isoproterenol would further disturb the 
balance between oxygen supply and demand and thus 
aggravate the degree of ischemia. 

Clinical implications: Extrapolation of these ob 
servations to the clinical situation must be done with 
caution since the described experiments were performed 
in open chest mongrel dogs. The results of administra- 
tion of isoproterenol and other vasodilators will be in- 
fluenced by the prevailing venous and arterial vaso- 
motor tone. Furthermore systemic vasodilators that 
decrease preload or afterload, or both, will act to di- 
minish myocardial wall tension and therefore oxygen 
consumption. Reduction of preload may also directly. 
augment collateral flow.*! Vasodilators have multiple 
physiologic properties, and complex interactions will. 
determine their ultimate effect. Thus our experimental 
model greatly simplifies the actual clinical setting but 
serves to emphasize one potential malignant effect of 
vasodilators. 

The role of changing collateral blood flow should d 
considered for any agent that alters infarct size after 
acute occlusion of a coronary artery. As demonstrated | 
in this study, isoproterenol aggravates ischemia distal 
to a coronary occlusion by decreasing collateral flow. As 
demonstrated by our preliminary experiments, and as . 
suggested by others,? isoproterenol also increaséd 
ischemia by metabolic stimulation. A second inter- 
vention, counterpulsation, also affects both collateral 
flow?* and cardiac metabolism??.4?; increased flow and - 
decreased myocardial work and oxygen consumption - 
result in amelioration of myocardial injury. Any phar- - 
macologic or mechanical agent altering myocardial : 
metabolism will secondarily induce a change in coronary. 
blood flow by an autoregulatory process and subse- 
quently affect the magnitude of coronary steal and 
therefore collateral flow. It seems unlikely that an agent - 
could directly affect ischemia by altering only the level | 
of myocardial metabolism. Collateral flow itself could . 
be altered either indirectly by initiating a coronary steal, 
as demonstrated for isoproterenol and adenosine, or 
directly, perhaps by changing coronary perfusion - 
pressure. Future attempts to find therapeutic agents 
that spare ischemic myocardium should focus on tech- . 
niques to increase collateral blood flow. | 
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Preceding His-Atrial Interval As a Determinant of 
. Atrioventricular Nodal Conduction Time in the 
k Human and Rabbit Heart M 


i 


JACQUES BILLETTE, MD, PhD This investigation shows that atrioventricular (A-V) nodal conduction time 
(A-H interval), both in the human and in the isolated rabbit heart, is de- 
REL ons Qapac, Canada termined mainly by the length of the preceding His-atrial (H-A) interval. 


The A-H intervals obtained during atrial extrasystolic stimulation at dif- 
ferent basic rates, during Wenckebach cycles and during both transient 
and steady state responses to stepwise increases in stimulation frequency 
were plotted against the corresponding H-A intervals. The A-H intervals 
were found to have nearly the same duration provided they were preceded 
by the same H-A interval. The only important difference appeared in the 
short H-A interval range as a shortening of the A-H interval at faster basic - 
rates. This facilitating effect of frequency, which was found in the majority - 
of cases, is compatible with the similarly frequency-dependent shortening - 
of the functional refractory period of the A-V node. 


$ 


When the preceding atrial interval is used to evaluate the resting period 
of the atrioventricular (A-V) node, A-V nodal conduction time appears: 
to increase not only with shortening of the preceding cycle but also with 
cumulative effects of frequency (fatigue). One indication of fatigue 
is that the atrial extrasystole introduced with the same atrial coupling 
interval is conducted more slowly through the A-V node when the basic 
rate is faster.'? Also, when the atrial stimulation frequency is suddenly 
increased, A-V nodal conduction time increases pragtessiyeby to reach. 
a new stable value only after several beats at the new rate.? 
As pointed out by Lewis and Master;? however, the preceding atria 
interval is not a good indicator of the resting period of the A-V conduc- 
l tion system because it does not take into account the changes in con- 
duction time of the basic beat. Because the basic conduction time is. 
prolonged at fast basic rates, the time of onset of the A-V nodal recovery - 
cycle is delayed. Consequently, the conduction time of an extrasystole 
introduced with the same atrial coupling interval at different basic rates 
may be longer at fast basic rates simply because the impulse enters the. 
node earlier in its recovery cycle. Lewis and Master? considered that the 
R-P interval (interval between the atrial activation and the preceding: 
ventricular activation) represented more nearly the resting period of the 
A-V conduction system. This view was also adopted by other electro- 
cardiographers.*?^ A recent study by Levy et al. provided further evi- 
dence that the R-P interval controls the P-R interval. They demon- l 


From the Department of Cardiology and Clinical strated in dogs that there is a causal relation between a given P-R interval 
Physiology, Wilhelmina Gasthuis, Amsterdam, and the preceding R-P interval during the Wenckebach cycles. l 
Holland. During this investigation, Dr. Billette was Earlier, Moe et al.” criticized the “sanctity” of the R-P-P-R relation. 
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FIGURE 1. A-A plotting (A) and H-A plotting (B) 
of A-H intervals obtained in one rabbit heart during 
the propagation of extrasystolic beats introduced 
at three different basic rates (curves 1, 2 and 3) 
and during the steady state of progressively faster 
rates (curve 4). In the A-A plotting (A), conduction 
times were shifted to the right from curve 1 to 
curves 2 and 3 by increasing the basic rate from 
325 to 250 and to 200 msec periods, respectively. 
Conduction times were longest for all A-A inter- 
vals during stimulation at progressively faster rates 
(curve 4). Conversely, in the H-A plotting (B), there 
are only minor differences between the four 
conduction curves. For identical H-A intervals 
within the range of 80 to 250 msec, the A-H in- 
terval is slightly longer at faster basic rates. At H-A 
intervals shorter than 80 msec, the curve order is 
inverted. In this range, for an identical H-A interval, 
the A-H interval is shorter at faster basic rates. 


FIGURE 2. Influence of conduction time through the 
A-V node on the beginning of its resting period. This 
scheme is a scale reproduction of events recorded 
in the last two beats preceding the four different A-H 
intervals indicated by the vertical arrow in Figure 1A. 
These A-H intervals are numbered 1 to 4 at the right 
of the scheme. They were all preceded by an identical 
A-A interval of 172 msec. In the scheme, these four 
A-A intervals coincided vertically (dotted lines D, and 
D.). At the left of D, are the corresponding last basic 
A-A intervals. The four different A-H intervals (right 
of D2) are preceded by four different values of H-A 
intervals (oblique double arrows at the left of D2). As 
the H-A interval decreases, the A-H interval increases. 
This decrease in H-A interval is secondary to the in- 
crease in basic A-H interval (right of D,), itself due to 
the decrease of the basic A-A interval (left of D4). 
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Jength-dependent increase in A-V nodal delay takes 
place in the upper node, this assumption might be 
questioned. 

We therefore reassessed this problem using the His- 
atrial (H-A) interval as an indicator of the resting period 
of the A-V node. For this purpose, the A-H intervals 
produced in human and rabbit hearts with different 
stimulation patterns were plotted against their pre- 
ceding H-A intervals. The results indicate that for an 
identical H-A interval, A-V nodal conduction time is 
nearly the same regardless of the stimulation pattern 
used. 


Methods 
Rabbit Heart 


The heart was excised from rabbits anesthetized with so- 
dium pentobarbital (20 mg/kg body weight intravenously) and 
was dissected according to the method of Hoffman et al.? The 
resulting preparation contains the right atrium with the sinus 
node, the interatrial septum, the atrioventricular (A-V) ring 
and part of the interventricular septum. The preparation was 
mounted in a tissue bath!” through which a modified Tyrode 
solution equilibrated with a mixture of 95 percent oxygen and 
5 percent carbon dioxide was circulated. Temperature was 
maintained at 37° C + 0.5° C (range of variation) and pH was 
maintained at 7.35. 

Extracellular activity was recorded with bipolar electrodes 
placed on the crista terminalis and on the His bundle. The 
preparation was stimulated by means of rectangular current 
pulses (2 X threshold, 2 msec duration) passed through a bi- 
polar stimulating electrode placed in the sinus nodal re- 
gion. 

After the electrodes had been positioned, the atrium was 
driven with a stimulation period 20 msec shorter than the 
spontaneous sinus period. The preparation was then allowed 
to stabilize and was considered stable when the time from the 
stimulus to the His complex, as monitored on the oscilloscope, 
remained constant for 10 minutes. The following stimulation 
patterns were applied to seven preparations: First, an ex- 
trasystolic pulse was introduced at every 10th basic beat ac- 
cording to the method of Krayer et al.!! The extrasystolic 
coupling interval was shortened progressively until A-V nodal 
propagation failed. The same procedure was repeated at two 
faster basic rates. Finally, the preparation was submitted to 
progressively faster driving rates until 1:1 A-V nodal propa- 
gation failed and Wenckebach cycles occurred. In the latter 
mode of stimulation, each rate was maintained for about 20 
seconds. The measurements were made after 15 seconds at the 
new rate. The whole procedure lasted less than 15 minutes. 
In two preparations, the atrium was submitted to extrasystolic 
stimulation only at the basic driving rate and to successive 
stepwise increases in driving rate. In the latter mode of stim- 
ulation, 15 beats of the basic driving rate alternated with 15 
beats of a faster rate. This alternation resulted in a series of 
responses during which transient changes secondary to in- 
creased frequency could be studied. 

Measurements: Recordings were made on a tape recorder 
at a speed of 15 inches (38 cm)/sec. For time measurements 
the tapes were played back at 1,875 inches (4,763 cm)/sec and 
the complexes written on an Elema ink-writer polygraph at 
120 mm/sec, allowing a time resolution of 1 msec. All mea- 
surements reported were taken from the atrial (A) and the His 
(H) complexes in the His bundle electrogram. The timing of 
A and H was measured from the first rapid deflection of these 
complexes. The A-A interval was defined as the interval be- 
tween two consecutive A complexes on the His electrogram. 
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The H-A interval was defined as the interval between the 
preceding H complex and the actual A complex in the His lead. 
The functional refractory period of the A-V node was defined 
as the shortest H-H interval obtained by atrial extrasystolic 
stimulation. The effective refractory period of the A-V node 
was defined as the shortest interval between two atrial im- 
pulses propagated to the His bundle. 


Human Heart 


Records from nine patients thought to have A-V conduction 
abnormalities but later found normal were selected retro- 
spectively. A His bundle electrogram had been recorded in all 
these patients.during extrasystolic stimulation at different 
basic rates and during regular stimulation at progressively: 
faster rates. From the His electrogram, the A-A, A-H, H-A and 
H-H intervals were determined for the extrasystolic beats and 
for the steady state of the progressively faster rates. These 
intervals were defined and measured as in the rabbit. 

A tripolar catheter was used to record the electrogram of 
the His bundle.!? A bipolar catheter was used for stimulation 
of the right atrium. Pulse intensity was twice threshold; pulse 
duration was 2 msec. Other electrograms included leads I, II, 
III, V;, V3 and Vs as well as a bipolar atrial electrogram. The 
electrograms were recorded simultaneously on paper and 
tape. 


Results 


Extrasystolic stimulation and regular stimula- 
tion at different rates: A-H intervals were obtained 
in seven isolated preparations from rabbit hearts during 
atrial extrasystolic stimulation at three different basic 
rates and during the steady state of progressively faster 
rates. Each of these A-H intervals was plotted against 
both its preceding A-A interval (A-A plotting) and its 
preceding H-A interval (H-A plotting) (Fig. 1). For 
identical preceding A-A intervals, extrasystoles were 
conducted with longer A-H intervals at faster basic rates 
(Fig. 1A). The A-H intervals obtained during the steady 
state at the progressively faster rates were at all A-A 
intervals longer than those obtained during extrasystolic 
stimulation. This frequency-dependent shift of the 
conduction curve was observed in all seven prepara- 
tions. This phenomenon has been previously observed 
in dogs and attributed to a cumulative effect of fre- 
quency on conduction time (fatigue).1:2-13 | 

An increase in the A-H interval, however, shortened 
the next H-A interval and therefore curtailed the resting 
period of the node (Fig. 2). Thus the extrasystolic A-H | 
interval might be prolonged at faster basic rates for the 
simple reason that the test impulse enters the node 
earlier in its recovery cycle under these conditions. This 
fact was thought to be responsible for an important part 
of the frequency-dependent shift of the curves in Figure 
1A. To compare conduction times through the node for 
identical resting periods, each A-H interval in Figure 
1A was plotted against its corresponding H-A interval. 
In the H-A plotting (Fig. 1B), the four curves appeared 
closely related. The A-H intervals obtained with the 
different stimulation patterns were comparable pro- 
vided they were preceded by similar H-A intervals. The 
reduced difference between curves 1 and 4 in the H-A 
plotting is particularly striking. This clustering in the 
H-A plotting was found in al] seven preparations. 


* 


December 1976 The American Journal of CARDIOLOGY Volume38 891 


/H-A INTERVAL AND*A-V NODAL CONDUCTION—BILLETTE - 
3 
Two frequency-dependent shifts in the conduction 
curves persisted in the H-A plotting. The first appeared 
as an upward shift of the curves at intermediate and 
long H-A intervals (Fig. 1B). In this range, for an iden- 
tical H-A interval, the A-H interval was slightly longer 
lit the basic rate was faster. This shift was small but was 
consistently present in the seven preparations (range 
-.9:to 5 msec with a mean + standard error of 3.7 + 0.5 
- when measured at its maximum). The second difference, 
observed i in five of seven preparations, was a leftward 
d downward shift of the curves at short H-A intervals. 

_ In the short H-A interval range, the curves in Figure 1B 
have an inverted order compared with the curves in 
à Figure 1A. In this range, for the same H-A interval, the 
- A-H interval is shortest at the fastest rate. The quan- 
‘titative determination of this effect is complicated by 
the fact that the minimal H-A interval resulting in A- V 
_ propagation varies with the stimulation pattern. How- 

- ever, by taking for comparison the minimal H-A interval 
for which an A-H interval was obtained with each 
i stimulation pattern, it was found that the frequency- 
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dependent decrease in A-H interval was 18 + 5.1 (range 
of 7 to 30 msec). In these five preparations, the func- 
tional refractory period of the A-V node was shortened 
by an average of 11 msec at the fastest basic rates. In the 
other two preparations, the rightward shift of the con- 
duction curves persisted even in the short H-A interval 
range; here the functional refractory period of the A-V 
node increased with frequency. There was no consistent 
relation between rate-dependent changes in the A-H 
interval and rate-dependent changes in the value of the 
effective refractory period of the node. 

Wenckebach cycles: The A-H—H-A interval relation 
was also examined in successive beats of Wenckebach 
cycles produced by rapid atrial driving. In such a se- 
quence (Fig. 3A) the H-A interval diminished from beat 
to beat and the A-H interval increased accordingly. 
Furthermore, when each A-H interval was plotted 
against its corresponding preceding H-A interval (Fig. 
3B), the resulting marks on the graph fell into the same 
range of values as those obtained with extrasystolic 
stimulation in the same preparation. It is also obvious 


FIGURE 3. A-H-H-A interval relation during 
Wenckebach cycles in the same rabbit heart as 
that from which data of Figure 1 were obtained. 
The three schematic strips seen in A are scale 
reproductions of three different Wenckebach 
cycles obtained a few seconds later by driving the 
atrium at 167, 166 and 165 msec, respectively. 
In the three Wenckebach cycles, as the H-A in- 
terval (oblique double arrows) decreases the next 
A-H interval is lengthened, which in turn causes 
further shortening of H-A interval until block oc- 
curs. In B, the A-H and H-A intervals shown in A 
were plotted (crosses) on the same graph as that 
illustrated in Figure 1B. The A-H intervals in 
Wenckebach cycles (crosses) fell in the area 
delineated by the upper range of conduction 
curves obtained with other modes of stimula- 
tion. 
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gation of suspected but unconfirmed A-V conduction 
abnormalities. The A-H intervals obtained during ex- 
trasystolic stimulation at different basic rates and 
during the steady state of each progressively faster rate 
of stimulation were plotted against both the preceding 
A-A and H-A intervals. In five of the nine patients, the 
difference between the conduction curves was less when 
the A-H intervals were plotted against the H-A as 
compared with the A-A interval (Fig. 6). Thus, for the 
same H-A interval, atrial impulses were conducted 
similarly through the A-V node regardless of the pre- 
vious history of the node. In two of these five patients, 
some frequency-dependent shifts of the A-H intervals 
persisted in the H-A plotting. Under cumulative effects 
of frequency, the A-H intervals were slightly increased 
in the intermediate and long H-A interval ranges, 
whereas they were shortened in the short H-A interval 
range. 

In the remaining four patients, uncontrolled varia- 
tions in A-H intervals did not permit evaluation of the 
frequency-dependent shift. These variations can 
probably be accounted for by extrinsic influences 
modulating A-V conduction in man. 


Discussion 


H-A interval as determinant of A-V conduction 
time: It seems evident from these results that the pre- 
ceding H-A interval is the important determinant of the 
time an impulse takes to travel through the A-V node. 
This view is supported by the fact that, regardless of the 
stimulation pattern used, the A-H intervals were sur- 
prisingly similar provided they were preceded by the 
same H-A interval. The desirability of using the length 
of the H-A interval to measure the resting period of the 
A-V node is supported by its relative accuracy in eval- 
uating the time of arrival of the atrial impulse in the 
nodal recovery cycle. Because the A-A interval is less 
accurate in this respect (Fig. 2), a large part of the shift 
of the conduction curves on the A-A plotting observed 
in this study and others':?:!? is artificial. In other words, 
for the same atrial interval, the extrasystolic A-H in- 
terval increases at faster basic rate not because of cu- 
mulative effects of frequency but because the A-V node 
is activated sooner after the end of its refractory period. 
The use of the H-A interval eliminates this measuring 
error. 

The H-A interval must nevertheless be considered an 
indicator rather than an exact measurement of the time 
of arrival of the atrial impulse in the nodal recovery 
cycle. The H-A interval preceding a given atrial beat 
includes neither the time elapsed in activation of NH 
cells before the occurrence of the H complex in the 
preceding beat, nor the time elapsed after the A complex 
for the activation of late AN cells of the node in the 
considered beat. These two values should be added, 
respectively, at the left and right ends of the H-A in- 
terval in order to obtain the exact value of the phase of 
excitability at which the impulse enters the delay-pro- 
ducing part of the node. However, because AN and NH 
cell activation times were shown to be cycle length- 
independent, at least in the range of A-A intervals for 
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which A-V conduction is successful,® the H-A interval 
underestimates the resting period of the node by a 
constant value. This value may therefore be neglected 
when considering A-H interval changes. For the same 
reason, the fact that the A complex in the His electro- 
gram is probably a marginal sample from a broad acti- 
vation front would not interfere with the accuracy of the 
measurements. The use of this A complex aids in elim- 
inating the influence of atrial factors on A-H interes 
measurement. !4 

Cumulative effects of basic atrial rate: When 
Lewis and Master? plotted extrasystolic P-R intervals 
obtained at different basic rates against the corre- 
sponding R-P intervals, they observed two types of 
cumulative effects of frequency. In the long R-P interval 
range, the increased basic rate caused a slight length- 
ening of the extrasystolic P-R interval, thus an im- 
pairing cumulative effect of frequency that they called 
“fatigue.” Conversely, in the short R-P interval range, 
a frequency-dependent shortening of the extrasystolic 
P-R interval was observed. This facilitating effect was 
attributed to a shortening of the refractory period. The 
cumulative effects of frequency observed in the present 
study (Fig. 1B and 5) were qualitatively similar. In 
summary, at intermediate and long H-A intervals, 
conduction was very slightly impaired whereas it was 
facilitated at short H-A intervals by cumulative effects 
of frequency. Thus, use of the His bundle electrogram 
permitted a more specific evaluation of the role of the 
A-V junction in these cumulative effects of frequency. 
However, because an A-A interval encompasses an A-H 
and a H-A interval, it may be suggested that the influ- 
ence of the encompassed A-H interval is negated by the 
H-A interval. With regard to a previous study from this. 
laboratory! showing that the interval after which an 
(n + 1)th atrial beat will be propagated depends only 
on the conduction time of the nth beat and not on the 
previous history of the A-V conduction system, this 
possibility assumes particular importance. The present 
study confirms that the conduction time of the nth beat 
may have an important influence on conduction time 
of the (n + 1)th beat but shows that this influence occurs 
through a change in the resting period of the node rather 
than as a direct influence of conduction time itself. If 
the node is allowed the same time to recuperate (same 
H-A interval), it will conduct the impulse with the same 
A-H interval, within narrow limits, regardless of its 
previous history. This previous history includes that of 
the nth beat. Thus the influence of the A-H interval of 
the preceding beat is not negated by the H-A interval 
but evaluated with respect to the resting period of the 
node. 

These observations might help to explain the ap- 
parent contradiction between the effects of frequency 
on the functional refractory period and conduction 
time in the A-V node. Many investigators have re- 
ported!.1?.16-18 that, under the cumulative effects of 
frequency, conduction time is prolonged but the func- 
tional refractory period is shortened. If the A-V con- 
duction time is shortened by the cumulative effect of 
frequency, as it appeared to be in the short H-A interval 
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range, the frequency-dependent shortenings both of the 
refractory period and of conduction times are parallel 
and consequent. 

- The results of this investigation may be summarized 
as follows: (1) Conduction time through the A-V node 
both in the human and the rabbit heart depends mainly 
"upon the length of the preceding H-A interval. (2) This 
relation holds true both for steady and transient states 
^a A-V nodal conduction. (3) If one takes the H-A in- 
terval as an indicator of the resting period of the A-V 


g 
" 


‘node, A-V nodal conduction appears to be only slightly 


PFN, 


ow 


| 


E! . Rosenblueth A: Functional refractory period of cardiac tissues. 
— — Am J Physiol 194:17 1-183, 1958 
2. Merideth J, Mendez C, Mueller WJ, et al: Electrical excitability 
— ofatrioventricular nodal cells. Circ Res 23:69-85, 1968 
3. Lewis T, Master AM: Observations upon conduction in the mam- 
| malian heart: A-V conduction. Heart 12:209-269, 1925 
4. Katz LN, Pick A: Clinical Electrocardiography: Arrhythmias. Phil- 
5 
6 


[e- 






adelphia, Lea & Febiger, 1956, p 526-532 

. Schamroth L: Theory and mechanism of the Wenckebach phe- 
nomenon. S Afr Med J 41:827-832, 1967 

. Levy MN, Martin PH, Zieske H, et al: Role of positive feedback 
in the atrioventricular nodal Wenckebach phenomenon. Circ Res 
34:697-710, 1974 

. Moe GK, Childers RW, Merideth J: Appraisal of "supernormal" 
A-V conduction. Circulation 38:5-28, 1968 

. Billette J, Janse MJ, van Capelle FJL, et al: Cycle-length-de- 
pendent properties of AV nodal activation in rabbit heart. Am J 
Physiol, in press 

. Hoffman BF, Paes de Carvalho A, Mello WC, et al: Electrical 
activity of single fibers of the atrioventricular node. Circ Res 7: 
11-18, 1959 

10. Janse MJ, van Capelle FJL, Freud GE, et al: Circus movement 

within the AV node as a basis for supraventricular tachycardia as 

shown by multiple microelectrode recording in isolated rabbit heart. 

Circ Res 28:403-414, 1971 


- " 


eS SS ae eS eae Wet 03 
«o co 


MP LTT EET, EE ae T I PORE 
ES ees 









influenced and mainly facilitated by the cumulative 
effects of frequency. 
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Unlike slow-release potassium supplements... 


Each effervescent tablet in solution supplies 25 


potassium as bicarbonate and citrate. 


* Convenient dosage 


Indications: K-Lyte is an oral potassium supplement 
for therapy or prophylaxis of potassium deficiency. 
It is particularly useful when thiazide diuretics, cor- 
ticosteroids, or severe vomiting and diarrhea cause 
excessive excretory potassium losses; and when 
dietary potassium is low. Carefully monitored, it may 
also be useful for potassium replacement where dig- 
italis intoxication results in cardiac arrhythmias. 
Contraindications: Impaired renal function with oli- 
guria or azotemia; Addison's disease, hyperkalemia 
from any cause. 

Warnings and Precautions: Since the amount of po- 
tassium deficiency may be difficult to determine 
accurately, supplements should be administered 
with caution, and dosages adjusted to the require- 
ments of the individual patient. Potassium intoxica- 
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* Economical 


tion rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are 
variable. They include listlessness, mental! confusion, 
and tingling of the extremities. Frequent checks of 
the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypo- 
kalemia, attention should also be directed toward 
other potential electrolyte disturbances. Potassium 
supplements should be given cautiously to digitalized 
patients and such patients should be monitored by 
ECG for cardiac irregularities. To minimize the pos- 
sibility of gastrointestinal irritation associated with 
the oral ingestion of concentrated potassium salt 
preparations, patients should be carefully directed 
to dissolve each dose completely in the stated 
amount of water. 
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* Two easy-to-take flavors 


Adverse Reactions: Nausea, vomiting, diarrhea, and 
abdominal discomfort may occur with the use of 
potassium salts. 

Dosage and Administration: Adults: 1 tablet (25 mEq. 
potassium) completely dissolved in 3 to 4 ounces of 
cold or ice water, 2 to 4 times daily, depending upon 
the requirements of the patient. The normal adult 
daily requirement is approximately 50 mEq. of ele- 
mental potassium. NOTE: It is suggested that this 
product he taken with meals and sipped slowly over 
a 5-10 minute period. 

How Supplied: K-Lyte effervescent tablets (orange or 


lime flavors) cartons of 30 and 250. i 
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Lithium Pacemaker Syste 
has the competition 
playing catch-up. 


Intermedics, by combining 
the talents of experienced and 
aggressive designers, engineers, 
marketers and consulting physi- 
cians, has produced a complete 
pacemaker system so superior in 
design and performance that even 
the industry's giants are taking a 
second look at their products. 
System Part 1: 
The Pulse Generators 
Intermedics’ lithium pulse 
generators provide proven long- 
term, trouble-free operation and 
the low power consumption of 
C-MOS3 I circuitry combined with 
the superior life expectancy of a 
lithium battery hermetically sealed 
in its own container. Each pulse 
generator is also hermetically 
sealed in its own tissue-compatible, 
interference-resistant 316L 
stainless steel container, which 
features smoothly rounded edges 
for greatest patient comfort. 
Intermedics offers two excellent 
models: the original Model 221 
C-MOS I Lithium weighing 90 
grams (6.3 cm by 3.8 cm by 


1.8cm); and the new Model 223 
Interlith”, weighing just 65 grams 
(5.5 cm by 4.2 cm by 1.4 cm). Both 
are available in demand or 
continual modes, with assured 
power life expectancies in excess 
of 6 years. Pre-set stimulation rates 
are available from 60 to 100 pulses 
per minute. 
System Part 2: The Leads 
Intermedics’ pulse generators 
are designed to accept most 
competitors’ leads. However, 
Intermedics manufactures a series 
of non-corroding, platinum-tipped 
leads which provide low 
stimulating and sensing thresholds 
and are designed in every way to 
increase the power life expectancy 
of Intermedics' pulse generators. 
Closed coil construction resists 
dislodgment and prevents lead 
fractures. Model 461 features a 
cylindrical tip, and the newer 
Model 463 offers a spherical tip for 
greater surface area. 


System Part 3: Trace-A-Pace 
Remote Monitoring 

Intermedics is the only pace- 
maker manufacturer on the market 
which provides a remote monitor- 
ing service at no additional charge 
with each implanted pulse genera- 
tor. At the request of the patient's 
physician, the patient is provided 
with a lightweight, easy-to-use, 
portable transmitter. At any time, 
from any telephone, he can trans- 
mit his pulse and pacer rhythm to 
Intermedics. He simply attaches 
color-coded, dry electrodes, dials 
a toll-free telephone number, 
and places the telephone receiver 
on his transmitter. Intermedics 
will receive and record the rhythm 
strip and pulse generator rate. 

If any irregularity is observed, 

the patient's physician will be 
contacted immediately. With each 
transmission, the physician will 
receive a report and a copy of the 
rhythm strip, greatly reducing the 
time required for patient follow-up, 
and increasing the patient's 
confidence and mobility. 

System Part 4: 

Your Intermedics Representative 

All Intermedics representatives 
are on call 24 hours a day. When 
necessary, they can have any 
Intermedics component or an 
entire Intermedics Lithium 
Pacemaker 5ystem in your hands 
shortly after you call. 

For the location of your nearest 
Intermedics representative or 
additional information about 
our products, call toli-free 
800-231-2330. In Texas call 
collect 713-233-8611. 


Intermedics Inc 


P. O: Box 617 Freeport, Texas 7754 


Interlith and Trace-A-Pace are trademarks of Intermedics, In 
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Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, and 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


The only major new 
combination antihypertensive 
in a decade 
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Please see brief summary of the prescribing information including precautions, warnings, adverse reactions. 
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Combipres o..e 


Each tablet contains: 
Catapres? brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 


Works better than either 
component in equivalent 
doses* 


Works in mild to severe 
hypertension 


Works conveniently for 
patients who need more 
than one drug* 


Works for less than the 
cost of separate Rxs* 


Works and works and 
works — convenience and 
economy promote long- 
term patient compliance 


*Combipres is not indicated for initial therapy of 
hypertension. It is indicated for hypertensive 
patients who need more than one drug for ade- 
quate lowering of blood pressure and who have 
proved to be responsive to its components given 
separately in dosages equivalent to those in 
the combination. 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination 


represents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with 
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severe renal or hepatic diseases. 

Warnings: Tolerance may develop in some 
instances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on 
possible adverse effects in pregnant women is 
limited to uncontrolled clinical data, the drug is 
not recommended in women who are or may 
become pregnant unless the potential benefit 
outweighs the potential risk to mother and fetus. 
Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and asso- 
ciated subjective symptoms such as nervousness, 
agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been 
recorded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has not 
been established in these cases. It has been 
demonstrated that an excessive rise in blood 
pressure, should it occur, can be reversed by re- 
sumption of Combipres therapy or by intravenous 
phentolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery 
or driving, should be advised of the sedative 
effect of the clonidine hydrochloride component. 
This drug may enhance the CNS-depressive 
effects of alcohol, barbiturates and other seda- 
tives. Like any other antihypertensive agent, 
Combipres should be used with caution in 
patients with severe coronary insufficiency, 
recent myocardial infarction, cerebrovascular 
disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for 
some dryness of the eyes, no drug-related 
abnormal ophthalmological findings have been 
recorded with Catapres, in several studies the 
drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated 
for 6 months or longer. 

Patients predisposed toward or affected by 
diabetes should be tested periodically while 
receiving Combipres, because of the hyper- 
glycemic effect of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is 
indicated. If, in the physician's opinion, a rising 
BUN is significant, the drug should be stopped. 
The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. 
Muscular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to 
detection of hypokalemia in patients receiving 
adrenal corticosteroids, ACTH or digitalis. Hypo- 
chloremic alkalosis often precedes other evi- 
dence of severe potassium deficiency. Frequently, 
therefore, more sensitive indicators than the 
potassium serum level are the serum bicarbonate 
and chloride concentrations. Also indicative of 
potassium depletion can be electrocardiographic 
alterations such as changes in conduction time, 
reduction in amplitude of the T wave; ST segment 
depression; prominent U wave. These abnormali- 
ties may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, 
in addition to meat and vegetables, should in- 
clude potassium-rich foods such as citrus fruits 
and bananas. If significant potassium depletion 
should occur during therapy, oral potassium 
supplements in the form of potassium chloride 

(3 to 4.5 gm/ day), fruit juice and bananas should 
be given. 

Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to 
diminish with continued therapy. 
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Clonidine hydrochloride: Anorexia, malaise, nay- 
sea, vomiting, parotid pain, mild transient abnof- 
malities in liver function tests; one case of possible 
drug-induced hepatitis without icterus and hyper- 
bilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine 
hydrochloride. Weight cain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud’s phenomenon; 
vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, 
anxiety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested 
as Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramp- 
ing, weakness, dizziness, transient myopia and 
restlessness are occasionally observed. Head- 
ache and impotence or dysuria may occur rarely. 
Orthostatic hypotension has been reported and 
may be potentiated when chlorthalidone is com- 
bined with alcohol, barbiturates or narcotics. 
Skin rashes, urticaria and purpura have been 
reported in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop in- 
consistently. This condition, usually reversible on 
discontinuation of therapy, responds to control 
with antidiabetic treatment. Diabetics and those 
predisposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout | 
have been precipitated. In cases where pro- 
longed and significant elevation of blood uric 
acid concentration is considered potentially de- 
leterious, concomitant use of a uricosuric agent 
is effective in reversing hyperuricemia without 
loss of diuretic and/or antihypertensive activity. 
Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranu- 
locytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after pro- 
longed administration. 

Other adverse reactions which have been 
reported with this general class of compounds 
include: jaundice, xanthopsia, paresthesia 

and photosensitization. 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 
age. Gastric lavage and administration of an ana- - 
leptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses 
of 10 mg at 30-minute intervals abolishes all 
effects of Catapres overdosage. 

Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances 
of electrolyte balance. There is no specific anti- 
dote, but gastric lavage is recommended, fol- 
lowed by supportive treatment. Where necessary, 
this may include intravenous dextrose and saline 
with potassium administered with caution. 

How Supplied: Combipres® 0.1 (Each tablet 
contains clonidine hydrochloride 0.1 mg + 
chlorthalidone 15 mg). It is available as pink, 
oval, single-scored compressed tablets in bottles 
of 100. 

Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). 

It is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information. 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. " - 
Elmsford,.New York 10523 
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| LABORATORICS 


5 USV Laboratories Inc. 


Manati, P.R. 00701 


Helps increase blood supply 


Acts directly at the arteriolar wall to relieve vasospasm 
associated with sclerotic disorders * 


Maintains mean arterial blood pressure 
No postural hypotension reported in over a decade of uset 


Encourages patient activity 


Symptomatic improvement through relief of vasospasm may 
enhance ability to function 


Usual dosage: 6 mg. t.i.d. for at least 4 weeks titrating to 
12 mg. t.i.d. or q.i.d. if necessary 


*See Adverse Reactions section in Brief Summary 


Brief Summary 






*Indications: Based on a review of this drug by the National Academy of Sci- 
ences—National Research Council and/or other information, FDA has classified 
this drug as "possibly" effective for peripheral vascular disease and circu- 
latory disturbances of the inner ear. Final classification of the less-than- 
effective indications requires further investigation. 


Contraindications: Acute myocardial infarction, paroxysmal tachycardia, progressive 
angina pectoris and thyrotoxicosis. Warnings: In patients with cardiac disease such 
as tachyarrhythmias and uncompensated congestive heart failure, the benefit/risk ratio 
should be weighed prior to therapy and reconsidered at intervals during treatment. 
Adverse Reactions: Trembling, nervousness, weakness, dizziness (not associated with 
labyrinthine artery insufficiency), palpitations, nausea and vomiting may occur. 
Postural hypotension, while not reported, may also occur. Dosage: Orally, 3 to 12 mg. 
three or four times a day. How Supplied: White, scored tablets, 6 mg. and 12 mg. 
Bottles of 100 and 1000; single-dose blister packs, boxes of 100 (10 x 10 strips). 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


» NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
each month. The audio cassette tapes include recorded panel discussions interviews with noted 
authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuing 
education notebook are supplied as a part of this professional service. 


HOW WELL CAN YOU DO ON THIS QUIZ? 


These and other items have been discussed in recent 
issues of the ACCEL'" cassette tapes: 


Join the more than 4,500 subscribers who are listening each month. 


1) HIS bundle electrograms are frequently of consid- 
erable value in diagnosing ventricular tachycar- 
dia. 

True False 


2) The complications of pacemaker electrode 
placement can be significantly reduced by right 
ventricular apex angiography. 


Mna. 


True False 





3) Paradoxical motion of the ventricular septum is 
commonly seen in patients with atrial septal de- 
fects. 

True False 


4) Which of the following is correct: 


A) High-grade obstructive coronary artery disease 
generally precedes myocardial infarction. 

B) High-grade obstructive coronary artery disease 
generally follows myocardial infarction. 

C) The matter is still debatable. 
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——— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues) subscription to ACCEL™ 








| enclose $_______ for the plan checked below: Name ———— : ———————— 
(Please print) 





PLAN A—CASSETTE TAPES WITH 
GENERAL ELECTRIC PLAYER/RECORDER SERITRDUUNI MODEM Sc ciii ier 

C] Domestic ACC member, S130 (U.S. Funds) 

C] Domestic non-member, $140 (U.S. Funds) 





i City State  —  ZipCode | 
PLAN B—CASSETTE TAPES ONLY 
C Domestic ACC member, S70 (U.S. Funds) 
C] Domestic non-member, $80 (U.S. Funds) Type of Practice 
C] Foreign ACC member, $85 (U.S. Funds) Check made payable to the American College of Cardiology should 
[ ] Foreign non-member $95 (U.S. Funds) accompany this application and be forwarded to: ACCEL™, American 


College of Cardiology, 9650 Rockville Pike, Bethesda, Njaryland 20014. " 
Payment in full must accompany all subscription Orders. 
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Echoview 80C 





makes a big difference 








seem not so big. 
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Flail mitral valve leaflets secondary to bacterial endocarditis. Left atrial myxoma. Courtesy Dr. Roberta Williams, 
Courtesy Dr. Raymond Gramiak, Strong Memorial Hospital, Children’s Hospital Medical Center, Boston, Mass. 


Rochester, New York. 


Picker’s new Echoview 


System 80C with DSA enables 


you to diagnose many of 
their ailments accurately, 
easily. DSA" (Depth Selective 
Amplification), developed 
exclusively by Picker, allows 
you to observe individual 
cardiac structures in context 
with all structures in the 
ultrasound beam. 

Therefore, DSA means you 
focus on the diagnostically 
significant echoes. And to 
further improve ycur 
diagnosis, the capability to 
record physiological data 
together with the echogram 


À ) 


is also provided. 

Further, Picker's human 
engineering concept has 
resulted in the System 80C 
being a highly mobile, simple- 
to-operate and readily adaptable 
system for maximum clinical 
utilization. 

System 80C is an example of 
Pickersynergy — the complete 
interfacing of systems and 
services for improved diagnos- 
tic visualization. 

Contact your local Picker 
representative. Or write Picker 
Corporation, 12 Clintonville 
Road, Northford, CT 06472. 
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Life lines. 


Kodak Linagraph 2201 For details on these 
paper. Gives you data and other products for 
directly from the recorder medical recording, write 
—within seconds. Makes Eastman Kodak Company, 
clean, legible traces and Dept. 412L (260-E), 

takes pen or pencil Rochester, N. Y. 14650. 


notations. 

Kodak Linagraph RESULTS 
1930 paper. A machine- COUNT 
processable paper which 
gives you permanent 
traces for future 
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‘and id build his drug regimen around DIURIL. 
(CHLOROTHIAZIDE| MSD) 


TABLETS. 250 mg and 500 mg ORAL SUSPENSION. 250 mg per 5 m! 


DIURIL 


(GALORUTHIAZIDE| MSU} 


Because the thiazides have a vital role at the start of antihypertensive therapy 
and as a part of later steps in therapy in combination with other agents, when 
necessary — consider DIURIL, the thiazide that started the thiazides. 
Contraindicated in anuria and hypersensitivity to chlorothiazide or other 
sulfonamide-derived drugs. In patients with renal disease, thiazides may pre- 
cipitate azotemia. Use with caution in patients with severe renal disease, im- 
paired hepatic function, or progressive liver disease. 

Careful observations for changes in blood pressure must be made when this 
compound is used with other antihypertensive drugs, especially during initial 
therapy 


DIURIL...a long, impressive record | MS9 
in the management of hypertension | 5: 













S B Warnings: Use with caution in severe ena 
disease. In patients with renal disease, 
x - thiazides may precipitate azotemia. Cumula- 
y tive effects may develop in patients with 
— impaired renal function. Use with caution in 
= patients with impaired hepatic function or 
Progressive liver disease, since minor al- 
S: -terations of fluid and electrolyte balance may 
E precipitate hepatic coma. May add to or po- 
- tentiate action of other antihypertensive 
n drugs: potentiation occurs with ganglionic or 
— peripheral adrenergic blocking drugs. Sensi- 
t. tivity reactions may occur in patients with or 
without a history of allergy or bronchial 
“asthma. Possibility of exacerbation or activa- 
-tion of systemic lupus erythematosus has 
been reported. Lithium generally should not 

-be given with diuretics because they reduce 
E its renal clearance and add a high risk of 
= lithium toxicity Read circulars for lithium 
- preparations before use of such concomitant 
d iherepy 


` Use in Pregnancy: Thiazides cross pla- 
-Cental barrier and appear in cord blood; in 
us ‘pregnancy, weigh anticipated benefit against 
- possible hazards to fetus, including fetal or 
neonatal jaundice, thrombocytopenia, and 
ossibly other adverse reactions that have 
occurred in adults. 


-Nursing Mothers: Thiazides appear in 
breast milk; if use cf drug is deemed es- 
- sential, patient should stop nursing. 

Precautions: Perform periodic determi- 
- nation of serum electrolytes to detect possi- 
— ble electrolyte imbalance. Observe all pa- 
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,, CĦLOROTHIAZIDE, MSO) 
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Hyperuricemia may occur or frank gout may 
be precipitated in certain patients. Insulin re- 
quirements in diabetic patients may be in- 
creased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in post- 
sympathectomy patients. May decrease ar- 
terial responsiveness to norepinephrine; this 
diminution is not sufficient to preclude effec- 
tiveness of the pressor agent for therapeutic 
use. If progressive renal impairment 
|. becomes evident, consider withholding or 
- discontinuing diuretic therapy. Thiazides may 
decrease serum PBI levels without signs of 
thyroid disturbance. Calcium excretion is 
decreased by thiazides. Pathologic changes 
in the parathyroid glands with hypercalcemia 
and hypophosphatemia have been observed 
in a few patients on prolonged therapy; 
thiazides should be discontinued before test- 
ing for parathyroid function. 

Adverse Reactions: Gastrointestinal Sys- 
tem— Anorexia; gastric irritation; nausea; 
vomiting; cramping; diarrhea; constipation; 
jaundice (intrahepatic cholestatic jaundice); 
pancreatitis; sialadenitis. 

Central Nervous System—Dizziness; ver- 
tigo; paresthesias; headache; xanthopsia. 
Hematologic—Leukopenia; agranulocyto- 
sis; thrombocytopenia; aplastic anemia. 
Cardiovascular—Orthostatic hypotension 
(may be aggravated by alcohol, barbiturates, 
or narcotics). 

Hypersensitivity—Purpura; photosensitivity; 
rash; urticaria; necrotizing angiitis 







tients for clinical signs of fluid or electrolyte = (vasculitis) (cutaneous vasculitis); fever; 
"imbalance, namely, hyponatremia, hy- AN respiratory distress including pneumonitis; 

- pochloremic alkalosis, and hypokalemia. = — anaphylactic reactions. 

€ . Serum and urine electrolyte determinations io Es E Other—Hyperglycemia; glycosuria; hy- 

are particularly important when patient is “Ec NS PN ae peruricemia; muscle spasm; weakness; 











Phas. N excessively or receiving parenteral 


: Biputh. thirst, weakness, lethargy, drowsiness, restlessness, muscle 
ye or cramps, muscular fatigue, hypotension, oliguria, peni) Noct 


3 “cirrhosis, with concomitant corticosteroid or ACTH therapy, or with 
- inadequate oral electrolyte intake. Hypokalemia can sensitize or ex- 
~ aggerate response of heart to toxic effects of digitalis (e.g. in- 
" creased ventricular irritability). Hypokalemia may be avoided or 
~ treated by use of potassium supplements, such as foods with a high 
_ potassium content. Any chloride deficit is generally mild and usually 
- does not require specific treatment except under extraordinary 
-. Circumstances (as in liver disease or renal disease). Dilutional hy- 
- ponatremia may occur in edematous patients in hot weather; ap- 
E propriate therapy is water restriction, rather than administration of 
salt except in rare instances when the hyponatremia is life threaten- 
- ing. In actual salt depletion, appropriate replacement is the therapy 
zol choice. 
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restlessness; transient blurred vision. 
Whenever adverse reactions are moderate or severe, thiazide 
dosage should be reduced or therapy withdrawn. 


Note: When used with other antihypertensive drugs, careful observa- 
tions for changes in blood pressure must be made, especially during 
initial therapy. Dosage of other antihypertensive agents must 
be reduced by at least 50 percent as soon as this drug is added 
to the regimen. As blood pressure falls under the 
potentiating effect of this agent, further reduction in dosage, or 
even discontinuation, of other antihypertensive drugs may be 
necessary. 


How Supplied: Tablets containing 250 mg chlorothiazide each in 
bottles of 100 and 1000 and single-unit packages of 100; Tablets con- 
taining 500 mg chlorothiazide each in bottles of 100, 1000, and 5000 
and single-unit packages of 100; Oral Suspension containing 250 mg 
chlorothiazide per 5 ml in bottles of 237 ml. 


For more detailed information, consult your MSD representative 
or see full prescribing information. Merck Sharp & Dohme, Divi- 
sion of Merck & Co. Inc., West Point, Pa. 19486 


MSD merck SHARP & DOHME 


-PRY 


Alphanumeric display 
of patient and pump status 
utilizing two micro-computers. 





Slide controls 


INTRA-AORTIC BALLOON PUMP SHA 
weeny ic for proper timing. 
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wave form scope ex ja M " 
simplifies monitoring 
with increased 
information. 








B9 Marc cus 


í e^ A% 
» 5 etn 
niconote Torr 
Peur 


| ep N w e Simplified controls 
! 


"es - 4 from a decade of 

8 uw a Bu and 

wees ide | continuing engineerin 
and research. 





nio uam cesi POR ^ LEE A ui ee d, irae ey 
- Sh ae r4 VOL ic nU UL 
a y d ont ds ea bps 


zw ie 


a 
"nus 





: ; M ETE 
Optional stripchart records 
arterial pressure, ECG or 
continuous on-line cardiac output. 





AVCO intra-aortic 
balloon pump... 


sophisticated simplict 


with the exclusive AVCOTHANE® Tri-Segment!™ Balloon, the most 
widely used in the world, (over 11,000 cases). Advanced technology simpli- 
fies the use of IABP counter-pulsation—a major advance in cardiac instru- 
mentation.Redundant safety features provide for quiet trouble-free operation 
— with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are 
sincerely encouraged. 

DISTRIBUTED AND SERVICED BY ROCHE MEDICAL ELECTRONICS INC. 
SUBSIDIARY OF HOFFMAN-LAROCHE INC., CRANBURY, NJ 08512 (609) 448-1200 

IN EUROPE: KONTRON INTERNATIONAL, BERNERSTR,-SUD 169, 8048 ZURICH, SWITZERLAND 1-62 92 62 > 
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THE THREAT 


A risk for the patient 
on certain diuretics. 


KAON-CL Tabs 


(potassium chloride) 
Controlled-ReleaseTablets 
_ THE PALATABLE PREVENTIVE 


m Well TO by patients-may make a 
significant contribution to better patient manage- 
ment because it is a tablet. 

m Convenient-can be taken any time, any 
place, as you direct... e ] tablet t.i.d. provides 
20 mEq each of eS e 
potassium and chloride ion. 

m Clinically Effective-provides bioavailability 
of potassium equal to liquids. The unique 
waxy-matrix minimizes the likelihood of high 
localized concentrations of potassium near 
the bowel wall. Frequency of small bowel lesions 
is much less with wax-matrix tablets (1 per 100,000 
patient years) than with enteric-coated tablets 
(40-50 per 100,000 patient years) but a few cases 
have been reported. 
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THE REALITY . 


A special hazard 
for the patienton 
a diuretic or "TE 
diuretic-digitalis WV 
regimen. Se 





KAON-CL 20% 


(potassium chloride) LIQUID 


... THE PRACTICAL THERAPEUTIC 


m Once-a-day-one tablespoon (15 ml) provides a daily 
dosage of 40 mEq of potassium...and can be administered in 


dosages up to 120 mEq daily, if needed. 
B Fconomical-one of the least costy 
forms of KCI supplementation, on a = aee 
mEq basis, that you can prescribe. 

m Well-tolerated—a pleasant cherry 
flavor mixes well in water or other liquid 
KAON-CL 20% must be diluted before & 
administration to avoid gastrointestinal $ 
irritation. N 

m [herapeutically valuable in treating 
hypokalemia or mild digitalis intoxication. Pota 
sium supplements should not be administered with 
sparing diuretics such as spironolactone and triamterene. 
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Thiazides, furosemide and ethacrynic acid. PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 
P COLUMBUS, OHIO 43215 


PLEASE SEE FOLLOWING PAGE FOR BRIEF SUMMARY OF PRESCRIBING INFORMATION. WAR REN -TE E HA > 
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ease Tablet EP TIEN LA 

D ion: Kao C pei a sugar ene (2 | enteric-c tablet containing — 
. 5 me. potassium chloride (equivalent to 667 mEq. bela a PRIS ina wax 

atrix. This formulation is intended to provide a controlled release of potassium fom h 
Mihe matrix to minimize the likelihood of producing high localized concentrations of - 
= potassium within the gastrointestinal tract. 
E bó Indications: Kaon-CL Tabs is indicated for the treatment of potassium depletion in pa- 
"tients with hypokalemia anc metabolic alkalosis, and for the treatment of digitalis intox- 
- ication. During therapy serum potassium levels should be monitored and the dosage 
i titrated to achieve the desired clinical and laboratory effects. Kaon-CL Tabs is also indi- 
; cated for the prevention of potassium depletion when the dietary intake of potassium is 

inadequate for this purpose. The prophylactic administration of potassium ion may be 

. indicated in patients receiving digitalis and diuretics for the treatment of congestive 
- heart failure, hepatic cirrhosis with ascites, patients with hypertension on long-term 
diuretic therapy, hyperaldosteronism states with normal renal function, the nephrotic 
.7 syndrome, and certain diarrheal states. 

- Qontraindications: Potassium supplements are contraindicated in patients with hy- 
-- perkalemia since a further increase in serum potassium concentration in such patients 
o «can produce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
as tions: Chronic renal failure, systemic acidosis such as diabetic acidosis, acute dehydra- 
a on, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the admin- 
xy ‘istration of a potassium-sparing diuretic (e.g., spironolactone, triamterene). 

po. Wax- matrix potassium chloride preparations have produced esophageal ulceration in 
" certain cardiac patients with esophageal compression due to enlarged left atrium. 
Potassium supplementation, when indicated in such patients, should be with a liquid 
- preparation. 
7. Warnings: In patients with impaired mechanisms for excreting potassium, the admin- 


istration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs March 3, 4, & 5, 1977 


LN most commonly in patients given potassium by the intravenous route but may also oc- i 
| cur in patients given potassium orally Potentially fatal hyperkalemia can develop Mountain Shadows Resort 


ag s rapidly and. be asymptomatic. The use of potassium salts in patients with chronic renal . 
f: disease, c or any other condition which impairs potassium excretion, requires particularly Scottsda le, Arizona 


careful monitoring of the serum potassium concentration and appropriate dosage ad- 

justment. 

— —Hypokalemia should not be treated by the concomitant administration of potassium 

"salts and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the si- 

 multaneous administration of these agents can produce severe hyperkalemia. 

- Potassium chloride tablets have produced stenotic and/or ulcerative lesions of the Sponsored by 

small bowel and deaths. These lesions are caused by a high localized concentration of ' : : 

potassium ion in the region of a rapidly dissolving tablet, which injures the bowel wall St. Luke S Hospital Medical Center 

. and thereby produces obstruction, hemorrhage, or perforation. Kaon-CL Tabs Phoenix, Arizona 

\ (potassium chloride) is a wax-matrix tablet formulated to provide a controlled rate of re- 

lease of potassium chloride and thus to minimize the possibility of a high local con- v . 

: - centration of potassium ion near the bowel wall. While the reported frequency of small Sections of Cardiology 
- bowel lesions is much less with wax-matrix tablets (less than one per 100,000 patient- and 































































years) than with enteric coated potassium chloride tablets (40-50 per 100,000 patient- ) 
" i a few cases associated with wax-matrix tablets have been reported. These data ; Cardiovascular Surgery 
` are from foreign marketing experience. Kaon-CL Tabs should be discontinued im- ) . 
mediately and the possibility of bowel obstruction or perforation considered if severe Featu ring educational programs, 
vomiting, abdominal pain, distention, or gastrointestinal bleeding occurs. EST, 
... Hypokalemia in patients with metabolic acidosis should be treated with an alkaliniz- pla nned voluntary activities for 


: in potassium salt such as potassium bicarbonate, potassium citrate, potassium ace- , 

talo: of potassium gluconate. registrant and spouse. 

> Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrat- 

| ing. hypokalemia in a patient with a clinical history suggesting some cause for 

- potassium depletion. In interpreting the serum potassium level, the physician should 

A bear in mind that acute alkalosis per se can produce hypokalemia in the absence of a 

~ deficit in total body potassium, while acute acidosis per se can increase the serum 

A potassium concentration into the normal range even in the presence of a reduced total 

» body potassium. The treatment of potassium depletion, particularly in the presence of 

- cardiac disease, renal disease, or acidosis, requires careful attention to acid-base bal- 

- ance and appropriate monitoring of serum electrolytes, the electrocardiogram, and the Faculty 

- Clinical status of the patient. 

. Adverse Reactions: The most common adverse reactions to oral potassium salts are 

Nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are due to ir- Mortimer Buckley, M.D. Floyd D. Loop, M.D. 
“çitation of the gastrointestinal tract and are best managed by diluting the preparation Boston, Massachusetts Cleveland, Ohio 

A further, taking the dose with meals, or reducing the dose. 


_ The most severe adverse effects are hyperkalemia (see Contraindications, Warnings Seymour Furman, M.D. James R. Malm, M.D. | 
. and Overdosage) and gastrointestinal obstruction, bleeding or perforation (see Warn- Bronx, New York New York, New York 
~ ings). 


gi Overdosage: The administration of oral potassium salts to persons with normal ex- Richard Gorlin, M.D. John C. Manley, M.D. 
«cretory mechanisms for potassium rarely causes serious hyperkalemia. However, if ex- New York, New York Milwaukee, Wisconsin 


;retory mechanisms are impaired or if potassium is administered too rapidly in- 
travenously, potentially fatal hyperkalemia can result (see Contraindications and Warn- Myron W. Wheat, Jr., M.D. 
ings). It'is important to recognize that hyperkalemia is usually asymptomatic and may Largo, Florida 


be manifested only by an increased serum potassium concentration and characteristic 
- electrocardiographic changes (peaking of T-waves, loss of P-wave, depression of S-T 
Segment. and prolongation of the QT interval). Late manifestations include muscle- 
. paralysis and cardiovascular collapse from cardiac arrest 

.. Caution: Federal law prohibits dispensing without prescription. 


- Kaon-CL 20%” (potassium chloride) 

r-Free 

_ Description: Each 15 ml í(tablespoonful) supplies 40 mEq each of potassium and 

. Chloride (as potassium chloride, 3 g) with saccharin and flavoring. Alcohol 5%. 

Indications: See KAON-CL TABS® 

 Contraindications: Potassium supplements are contraindicated in patients with hy- Registration $100. Participants will. receive 18 

- perkalemia since a further increase in serum potassium concentration in such patients elective hours credit. For more information write: 
scan produce cardiac arrest, Hyperkalemia may complicate any of the following condi- 

_ tions: Chronic renal failure, systemic acidosis such as diabetic acidosis, acute dehydra- 





- tion, extensive tissue breakdown as in severe burns, adrenal insufficiency, or the gamin: Cecil vaughn, M.D. program chairman or 
istration of a potassium-sparing diuretic (e.g. spironolactone, triamterene). Nancy Schirm, Director, Public Relations 
~ Warnings: Do not administer full strength. Kaon-CL 20% will cause gastrointestinal if- St. Luke's Hospital Medical Center 


525 North 18th Street 
Phoenix, Arizona 85006 






. fitation if administered undiluted. For details regarding adequate dilution see package 
f Finsen before using. See KAON-CL TABS® for additional warnings. 
Precautions: See KAON-CL TABS* 

Adverse Reactions: See KAON-CL TABS* 

Overdosage: See KAON-CL TABS* 

a Caution: Federal law prohibits dispensing 

minut prescription. 
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...a means of readily identifying data significance 
can be quite another. 





Because a wide range of patient condition of day from the previous 1, 4, 8 or 24 hours. 
measurements is vital, yet can assume a different 
significance at different times during the course of an Beyond this, PDS can integrate other data entries 
illness, General Electric offers you the Patient Data into the system for simultaneous consideration and 
System. Not just another monitoring evaluation. Including: clinical lab results, fluid input/ 
system ... comprehensive patient management. output balance,manual parameters, and medication 


summaries. This, for example, can permit evaluation 


PDS presents data in meaningful formats that permit of drug therapy over a period of time. 


clear interpretation and precise intervention. One is a 

unique Vector Contour Plot which displays up to 8 PDS. Information plus identification of significance. 
selected parameters as a circle. Any change | Your GE representative will show you how this 

in monitored parameters results in distortion ] performance difference can bring new 

of that circle. This is clearly visible from a standards of patient management to your 
distance and identifiable as a significant institution. Look for the commitment behind 
change in patient status, permitting action the equipment. 

before alarm limits are reached. An integral 
computer permits patient trend information 
to be clearly displayed, documented to time 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 


PDS provides 
both. For 
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FUJO UITIJULUCI...provides meaningful problem-oriented displays 
Now available 


1 <a> woos. MICHAEL FA PT.HO: 89320-349? 
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Monitored Data Trends. Trend plots on each 
patient cover 32 hours of monitored data for up 
to 16 different parameters. Adjustable smoothing 
of plot data is also possible. Up to 18 different 
medications can be displayed on the abscissa of 
a trend plot. 


Fluid balance. Eighteen different fluid input and 
output entries can be stored. Entries may be 
displayed in tabular form on the alphanumeric 
display, or printed on the I/O terminal. Balance 
calculations are performed, and results are 
displayed instantaneously in tabular or plot form. 


CA) WOOD. NICHAEL PT.M0: 268702423 
l«m» anderson T.U. PT.NO: 300978 HU P T 


CAD an UID BALANCE SUMMARY, d M 
PERIOD INPUT OUTPUT 1-0 
HR 228 258 38 
HR 446 3686 86 
HR 1846 6686 386 
HR 1846 1188 134 
HR 2846 2648 286 


6 PREVIOUS FORMAT 2 BALANCE PLOT 
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Cardiac calculations. By inserting cardiac output 
and other independent variables into the PDS 
system, nine different hemodynamic parameters 
may be calculated. The independent and calculate 
variables can be stored and may be retrieved 
through the alphanumeric display, or in hard 
copy form. 


CA) : THERMAL CARDIAC OUTPUT 
7 "IE. S.11 unm 


TEST (4.8-5.2) 


8 3 
TIME (SEC) 


Cardiac output. Thermal dilution cardiac output 
can be measured by using a cardiac output 
function block and special software program. 
Injectate temperature is monitored continuously. 
The thermal washout curve is plotted, and the 
derived value of cardiac output and stroke volum 
are displayed. Cardiac calculations may be 
directly accessed from this routine. 


Now in research & developmen 


A? nennase PT.NO:s 12348 
eH A DREUS. EDUARD Z2 1234 


LP 


C 9 


SELECT CURVE @ 





Left ventricular function curve. On the PDS 
system, GE has demonstrated the capability to 
plot cardiac output vs. pulmonary artery wedge 
pressure. Three different curves have been 
plotted simultaneously. . 
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; Double Outlet Left Ventricle 


Morphology, Cineangiocardiographic Diagnosis and Surgical Treatment 
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In double outlet left ventricle, both the pulmonary artery and the aorta arise 
from the morphologic left ventricle. This paper presents the anatomic and 
cineangiocardiographic features of five patients who had this condition 
proved at surgery or autopsy. The condition of the first patient was in- 
correctly diagnosed as transposition of the great arteries with pulmonary 
stenosis and ventricular septal defect; the anatomic features were cor- 
rectly interpreted at operation in 1966 and appropriate repair was made, 
but the patient died postoperatively. The condition of the other four patients 
was correctly diagnosed. The second patient had Ebstein's malformation 
of the tricuspid valve and hypoplastic right ventricle in addition to double 
outlet left ventricle; her condition was not considered operable. Two pa- 
tients, one with visceroatrial situs solitus, concordant d-loop and dex- 
trocardia, were surgically treated with good long-term results. The fifth 
patient died 2 years postoperatively and is the first patient reported to 
have double outlet left ventricle with visceroatrial situs inversus, a dis- 
cordant d-loop and levocardia. 

The segmental approach to the classification and diagnosis of con- 
nection disorders is discussed and the radiologic criteria by which double 
outlet left ventricle may be diagnosed considered in detail. The importance 
of using the radiologic projection (usually left anterior oblique) that profiles 
the ventricular septum is emphasized because the diagnosis can be es- 
tablished only by delineating the relations of the origins of the great arteries 
to the ventricular septum. The surgical significance of other anatomic 
features, including the number, size and position of ventricular septal 
defects and conal malformations, is also discussed. 


Double outlet left ventricle is a congenital cardiac malformation in which 
both the aorta and the pulmonary artery arise from the morphologic left 
ventricle. This uncommon type of ventriculoarterial relation was first 
described comparatively recently.^? With subsequent reports,?-? we have 
become aware of a total of eight fully documented cases and of four 
further cases incompletely documented or unconfirmed at surgery or 
necropsy. 

This paper presents the experience in our institution with five cases 
of double outlet left ventricle, defining the anatomic types encountered 
and correlating the radiologic findings with the anatomic features ob- 
served at surgery or autopsy. The radiologic diagnostic features of double 
outlet left ventricle and their differentiation from findings in other types 
of ventriculoarterial relations are discussed. 


Case Material and Clinical Course 


Five patients with a confirmed diagnosis of double outlet left ventricle were 
encountered between 1966 and 1972. All five patients had had cyanosis or a heart 
murmur or both, as newborns. The clinical data and chest X-ray appearance on 
admission to this hospital are summarized in Table I, and the chest roentgeno- 
grams of Cases 3 and 5 are illustrated (Fig. 1). 


b. 
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Cardiac catheterization studies were performed at age 3 
days to 26 years. Arterial desaturation (43 to 84 percent) was 
measured in four patients. Systolic pressures in the right and 
left ventricles and the aorta were equal. Gradients of 22 and 

.45 mm Hg, respectively, between the left ventricle and pul- 
monary artery were recorded in Cases 1 and 2. The pulmonary 


artery was not entered in the other cases. 








FIGURE 1. Chest roentgenograms. a, Case 3. Supine view at age 1 day 
showing visceral situs solitus with liver shadow on the right, stomach 
and aortic arch on the left. There is dextrocardia. Lung vascularity is 
normal or oligemic. b, Case 5. Erect frontal view showing visceral situs 
inversus with liver on the left, stomach and aortic arch on the right, right 
bronchus on the left, left bronchus on the right. There is levocardia. Lung 
vascularity is normal or oligemic. 
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The anatomic features were demonstrated with angio- 
cardiography and cineangiocardiography: 'The preoperative 
diagnosis in Case 1 after angiocardiography at age 2 months 
and cineangiocardiography at age 3 years was transposition 
of the great arteries with ventricular septal defect and pul- 
monary stenosis (Fig. 2). The correct diagnosis was established 
at operation and autopsy. In the remaining patients the 





FIGURE 2. Case 1. Left ventricular cineangiocardiogram, 
lateral projection at age 3 years, 5 months. The posteri- 
orly placed pulmonary artery (PA) arises from a short 
outflow tract close to the mitral valve (M). The aortic valve 
(Ao) lies anteriorly, two aortic sinuses lying behind the 
interventricular septum (small arrow) and therefore in 
the left ventricle (LV), the third overriding the right ven- 
tricle (RV). Flow (large arrow) through the ventricular 
septal defect to the right ventricle shows that the defect 
is high, though not well profiled in the lateral view. LA — 
*4  leftatrium. 
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TABLE I 
Clinical Findings 
Auscultation Chest Roentgenogram 
Case Sex, Cya- Systolic Second ECG Visceral Aortic Cardiac CTR Pulmonary 
no. Age nosis CHF Murmur Sound Axis VH Situs Arch Position (96) X Vascularity Clinical Diagnosis 
1 M, * — Ej. Split +90 CVH Solitus Left Left 56 Plethoric TGA + VSD 
2 mo CW 
Z E, t * Pan. Single | —20 CVH Solitus Left Left 68  Plethoric VSD * ?PDA 
4 mo CCW 
3 e ++ — Ej. Split +120 — Solitus Left Right 45 Normal to Tri. atresia, VSD, 
1 day CCW oligemic small RV 
4 M, * — Pan. Split +90 — Solitus Left Left 54 Normal L-R shunt 
3 days CW 
5 M, ++ — Pan. Single CHB Inversus Right Left 47 Normal to Il-TGA * PS 
26 yr oligemic 





CCW = counterclockwise; CHB = complete heart block; CHF = congestive heart failure; CTR = cardiothoracic ratio; CVH = combined ventric: 
ular hypertrophy; CW = clockwise; ECG = electrocardiogram; Ej. = ejection; / = levo; L-R = left to right; Pan. = pansystolic; PDA = patent duc- 
tus arteriosus; PS = pulmonary stenosis; RV = right ventricle; TGA = transposition of great arteries; Tri = tricuspid; VH = ventricular hyper 
trophy; VSD = ventricular septal defect. + = mild; ++ = moderate; + = intermittent. 





FIGURE 3. Case 2. Heart specimen. a, opened right atrium, tricuspid valve (TV) and right ventricular (RV) inflow. Secundum atrial septal defects (ASDs) 
were due to deficiency and fenestration of the septum primum. The septal leaflet of the tricuspid valve was abnormally adherent to the ventricular 
septum and the anterior leaflet was elongated. CoS = coronary sinus; IVC = inferior vena cava; RAA = right atrial appendage; RVV = right venous 
valve remnants. b, hypoplastic right ventricle viewed from the apex looking toward the ventricular septal defect (VSD), which is the only outlet. 
c, left ventricular (LV) outflow to opened, bicuspid aortic valve (AoV) and pulmonary valve (PV). The ventricular septal defect is separated by 4 
mm from the aortic valve. The tricuspid valve is visible through the defect. Note the pulmonary to mitral valve (MV) and aortic valve to mitral valve 
fibrous continuity. d, closeup view of left ventricular outflow showing aortic to mitral and pulmonary to mitral fibrous continuity. The aortic and pulmonary 
valves are separated by a thin fibrous ridge that has been called the truncal septum (TS).? 
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cineangiocardiographic diagnosis of double outlet left ventricle 
was confirmed either at autopsy (Case 2, Fig. 3) or at operation 
(Cases 3, 4 and 5, Fig. 4 to 6). 

The surgical procedures and follow-up data in Cases 1,3, 
4 and 5 are summarized in Table II. Patient 1 died at the end 
of operation; although autopsy was performed, the heart 
specimen has been lost. Patient 5 died elsewhere 2 years 
postoperatively. Complete heart block, present preoperatively, 
was the presumed cause of death, but no autopsy was per- 
formed. 


Patient 2 was not considered to have an operable condition. 
She died at age 21 weeks with respiratory problems and con- 
gestive heart failure. 


Anatomic Findings 


The anatomic findings are summarized in Figure 7. 

Cases 1 to 4 had situs solitus of viscera and atria and con- 
cordant ventricular d -loops. Case 5 had situs inversus and a 
discordant d -loop (Fig. 1b and 6b). There was hypoplasia of 





FIGURE 4. Case 3 (with dextrocardia). Frames from biplane frontal (FR.) and lateral (LAT) right ventricular cineangiocardiogram. a, ectopic systole 
early in the run. Contrast medium flows from the right ventricle (RV) through a subaortic ventricular septal defect (arrow) to the left ventricle (LV) 
outlining the closed aortic leaflets, but does not enter the aorta (Ao). b and c, later in the same ectopic systole. The left ventricle is more completely 
filled and contrast medium flows through the long narrow outflow tract (arrow) lying posteriorly and to the right of the aorta to fill the pulmonary 
artery (P) and its right (r) and left (I) branches. Doming of the pulmonary valve is visible, and the pulmonary valve ring and proximal main pulmonary 
artery are also narrowed. The aortic valve is still closed. The pulmonary outflow and the aortic valve both arise entirely from the left ventricle. d, 
later in the run. Diastolic frame shows the tricuspid (T) and mitral (M) valves. The ventricular septum is well profiled in the frontal projection, the 
cardiac apex directed toward the right. The morphologic right ventricle with typical coarse trabeculations lies rightward and above the left ventricle. 
The aorta is left of the pulmonary artery. The lateral view (not illustrated) showed it also to lie anteriorly. 


, 


x ’ 
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the right ventricle and an Ebstein-like malformation of the 
tricuspid valve in Case 2 (Fig. 3, a and b). 

A subaortic ventricular septal defect was present in all five 
patients (Fig. 2; 3c; 4a; 5, a and b; and 6, a and b). Aortic ov- 
erriding was present in Cases 1, 4 and 5 (Fig. 2; 5, a and b; and 
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subpulmonary free wall and septal conal musculature was 
deficient in Case 2 (Fig. 3, c and d). A poorly developed sub- 
pulmonary conus in Cases 3 and 4 appeared to cause subpul- 
monary stenosis (Fig. 4, b and c; and 5, b to d), and the 
cineangiocardiographic relations were consistent with absent 








6b). subaortic conus (Fig. 4d; and 5, a, c and d). In Case 5 bilateral 
The conal anatomy in Case 1 is not clear. The subaortic and free wall conal deficiency with a small conal septum that 
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FIGURE 5. Case 4 (normally positioned heart). Frames from biplane right and left ventricular cineangiocardiograms in oblique projections. a, diastolic 
frame during right ventricular injection, left anterior oblique view. Contrast medium flows from the typically coarsely trabeculated morphologic 
right ventricle (RV) through the ventricular septal defect (VSD) into the left ventricle (LV). There has already been some filling of the aorta (A) and 
pulmonary artery (P), which are well separated, consistent with a rightward anterior aortic position relative to the pulmonary artery. Nonopaque 
flow reveals the tricuspid (T) and mitral (M) valves opening normally into the right and left ventricles. The basal septum between the atrioventricular 
valves is intact, the ventricular septal defect lying above them. The distance between the aortic and mitral valves in this projection is within the 
normal range, consistent with aortic-mitral fibrous continuity. b, systolic frame slightly later in right ventricular cine study confirms the subaortic 
location of the ventricular septal defect, the upper margin of the basal septum, that is, the lower margin of the defect (larger arrow), indicating 
that the aorta arises from the left ventricle except for the rightward anterior sinus, which arises from the right ventricular free wall. The conal septum 
(C) is entirely within the left ventricle. The leftward posterior aspect of the subpulmonary conus arises from the left ventricular free wall above the 
mitral valve. c, diastolic frame in right anterior oblique projection during left ventricular injection (catheter through ventricular septal defect). The 
low position of the aortic root, showing normal relation to the atrioventricular septum (arrow), suggests normal deficiency of the subaortic conus. 
Overlap of the aorta and the pulmonary artery indicates (by correlating with the left anterior oblique view in a and b) that the aorta is rightward and 
slightly anterior to the pulmonary artery. The subpulmonary conus shows only slight restriction in diastole. d, systolic frame shortly after c. There 
is marked narrowing of the subpulmonary conus indicating its muscular and obstructive nature. 


^ i 
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contributed to subpulmonary stenosis was shown (Fig. 6, b to 


d). This conal septum was found at operation to consist of a’ 


fibromuscular ridge, which was excised. 
All five patients had pulmonary stenosis. Three had a bi- 


obstruction was produced by a poorly developed subpulmo- 
nary conus in Cases 3 and 4 and a fibromuscular ridge and 
redundant valve-like tissue in Case 5. 

The great arterial interrelations were d -malposition in 


cuspid pulmonary valve. The pulmonary valve rings were four cases (Fig. 7). The exception (Case 3) had /-malposition 
small in three patients. In Cases 1 and 5 supravalvular nar- with isolated dextrocardia and unusual ventricular posi- 
_rowing contributed to the pulmonary stenosis. Subpulmonary tions. 





odi A 


FIGURE 6. Case 5. Frames from single plane left and right ventricular cineangiocardiograms. a, systolic frame in the left anterior oblique (L.A.O.) 

view during left ventricular injection. The finely trabeculated morphologic left ventricle (LV) ejects contrast medium to the pulmonary artery (PA) 

and aorta (Ao) which overlap, consistent with a side by side relation, with the aorta to the right (correlate c and d). Nonopaque flow (large arrow) 

through the subaortic ventricular septal defect dilutes contrast medium in the aorta. The basal septum is outlined up to the lower margin of the ventricular 

- septal defect (small arrow). RV = morphologic right ventricle. b, diastolic frame in the left anterior oblique (L.A.O.) projection during right ventricular 
injection. The coarsely trabeculated morphologic right ventricle lying rightward and anteriorly (d-loop) receives the right-sided atrioventricular 
valve, presumably the tricuspid valve (T), seen with nonopaque flow. The ventricular septum is well profiled. Contrast medium has also partly filled 
the left ventricle receiving the left-sided atrioventricular valve, presumably the mitral valve (M). The conal septum (c) is entirely in the left ventricle, 
separating the pulmonary from the aortic outflow. Proximity of the pulmonary valve to the mitral valve, the left ventricular origin of the pulmonary 
outflow and mainly left ventricular origin of the aorta are shown. The rightward anterior aortic sinus rides through the ventricular septal defect (lower 
margin, arrow ) and arises from the right ventricular free wall. c. systolic and d, diastolic frames in the right anterior oblique (R.A.O.) view after 
left ventricular injection. The low position of the aortic valve, its normal relation to the atrioventricular septum (arrows) and proximity to the mitral 
valve (M) suggest normal deficiency of subaortic conus. Subvalvular pulmonary outflow obstruction and systolic doming of the pulmonary valve 
(bicuspid at operation) are also present. The aortic and pulmonary valve rings slightly overlap (correlate with a and b), consistent with a side by 
side relation. : 


"a . 
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The coronary arterial origins and distribution are shown Diagnostic Criteria 
diagrammatically in Figure 7. In Case 1 they were similar to 
the common pattern seen in patients with d-transposition, the 
noncoronary sinus lying anteriorly and the left anterior de- 
scending and left circumflex arteries passing in front of the 


Only consideration of internal relations allows the 
confident diagnosis of double outlet left ventricle to be 
made; that is, the relation of the aorta or pulmonary 


pulmonary artery.!? A single left coronary artery was present artery to the ventricular septum determines the site of 

in Case 2. In Case 3 the coronary arteries arose from an ante- origin of the great artery. As suggested by Van Praagh, ^ 1 

À rior sinus. In Case 4 the right coronary artery arose anteriorly it is helpful to make two types of diagnosis, the arte- 
and gave origin to the anterior descending artery; the left rioventricular relation and the conotruncal malforma- : 

circumflex artery arose posteriorly, passing behind the pul- tion. We suggest that a complete diagnosis should in- 

monary artery. 'The coronary arteries were not clearly dem- dicate (1) the segmental combination that defines the. 

_ onstrated in Case 5. proximal to distal relations or connections in the heart; 
Discussion (2) the malformations encountered in relation to each’ 


segment; and (3) unusual spatial positions of heart, 


The surgical treatment of complex congenital cardiac cardiac chambers or great arteries. In considering co- 


lesions necessitates complete and accurate preoperative 3 
assessment so that the most appropriate operation can ^| 
be planned. The need for a clear understanding of the 5 
proximal to distal relations (the connections) of the 5 
heart chambers and great vessels has stimulated reap- CASE SONMERTIQND MALFORMATIONS ; 
praisal of the classification of congenital heart disease.!! Situs solitus j 


The segmental approach to diagnosis!? is of great value 
in clarifying these important relations and has itself l 
indicated a need to return to a literal definition of 


Concordant d-loop VSD, subaortic 
PS (ring and supravalvular) 








275. : DOLV Bicuspid pul. valve " 
transposition and other anomalies of the conotruncal Overridingaorta Ao right, anterior to PA F! 
region.!? The recognition of certain spatial relations of k- 
the great arteries at semilunar valve level gives a useful Situs Solitus ASD j 


diagnostic clue, but does not guarantee any particular 
ventriculoarterial connection: transposition of the great 
arteries, double outlet right ventricle, double outlet left 


Small RV, "Ebstein" tric. valve” ‘ 
VSD, subaortic 7 
Bilat. deficient conus 
Absent conal septum 


Concordant d-loop 





R r: riar DOLV Valvular PS w 
ventricle, anatomically corrected malposition or nor- Bicuspid Ao valve ; 
mally arising great arteries.!^ The anatomic types of Ao right, slightly ant. to PA 9 
conus encountered are also variable! and should . ; 
therefore not be used as definitive criteria in the for- A ne bas "d 
mulation of definitions of these ventriculoarterial Concordantdiocn: .. . VStk A F 


connections. ?Absent subaortic conus 
?Stenotic subpul. conus 

PS (ring and valvular) 

Bicuspid pul. valve ; 
Dextrocardia A 


RV right, superior to LV 
TABLE II Ao left, anterior to PA 


Surgical Procedures and Results in Four Cases 


DOLV 





- 





Situs Solitus Balloon ASD i 





Case Age and Date ‘ 
no. of Surgery Repair Results Concordant d-loop VSD, subaortic 
Subpul. conus, stenotic 
1 3 yr, 6 mo Closure VSD, leaving Hospital death DOLV ?Absent subaortic conus A 
(Nov. 7, 1966) Ao in LV; Slight Ao override PS (ring, supravalvular) 4 
Closure PA; Ao Ao right, slightly ant. to PA 1 
homograft conduit | : 
RV — PA M MS : 
3 2 yr, 10 mo Closure VSD, leaving 2 1/2 yr postop, Situs inversus i 
(Feb. 13, 1973) Ao in LV; Closure well e 
PA; Ao homograft 5 Discordant d-loop VSD, subaortic 2 
e OAM PA; Bilat. deficient conus A 
4 1 yr, 6 mo Closure VSD, leaving 21/2 yr postop, Bury big di b Ao m 
(Mar. 26, 1973) Ao in LV; Closure well Overriding aorta Bicuspid pul. valve 1 
PA; Ao homograft Ao right, side by side with PA y 
conduit RV — PA; 
| Closure ASD FIGURE 7. Anatomic findings. On the left are plan views of cardiac 
5 26 yr Closure VSD connect- Late death, chamber and great arterial connections. The coronary arterial origins 
(Aug. 16, 1972) ing Ao to RV; (dis- 2 yr postop are indicated where known (see text). A = aortic valve; ANT, ant. = 
f PN arinya anterior; Ao = aorta; ASD = atrial septal defect; Bilat. = bilateral; d 
PS ace = dextro; DOLV = double outlet left ventricle; L = left; LA = left atrium; 
E Ac Mek OEE Sea 7-3 LT PR OR SA eC Sol a CRN HR LV = left ventricle; P = pulmonary valve; PA = pulmonary artery; POST - 
Ao = aorta; ASD = atrial septal defect; LV = left ventricle; PA = = posterior; PS = pulmonary stenosis; pul. = pulmonary; R = right; 
pulmonary artery; postop = postoperative; PS = pulmonary stenosis; RA = right atrium; RV = right ventricle; Subpul. = subpulmonary; tric. 
RV = right ventricle; VSD = ventricular septal defect. = tricuspid; VSD = ventricular septal defect. d 
. ^ 
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- notruncal anomalies, the “connections diagnosis" in- 
dicates which great artery arises from which ventricle 
and does not presume any particular type of conal 

anatomy. The conal anatomy is described with the 
malformations that may be present. 

If there is no ventricular septal defect,? then the di- 
agnosis of double outlet left ventricle can readily be 
established by angiocardiography in each ventricle. 

‘Usually there is a ventricular septal defect and one of 
the great arteries arises near it. To determine the ven- 
tricular origin of either great artery, one must study in 
detail its relations to the ventricular septum and the 
boundaries of the ventricular septal defect as well as the 
free wall ventricular attachments of the semilunar valve 
Ting or its outflow tract. Apart from the diagnostic 
relations mentioned, the size, shape, number and po- 
sition of defects in the septum, the relation of the 
atrioventricular valves to the septum, the anatomy of 
the subaortic and subpulmonary outflow tracts and the 
position and size of the conal septum must be evaluated 

‘so that the most appropriate surgical correction can be 

planned. 
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Radiologic Technique 


Complex congenital heart disease is best diagnosed 
using biplane cineangiocardiography. A complete 
three-dimensional appreciation of the anatomy of each 
case is essential and requires a flexible approach. Se- 
lection of both injection sites and projections depends 
upon the individual problem. 

The variable clinical diagnosis in our patients with 
double outlet left ventricle influenced the initial choice 
of injection site and projection for cineangiocardiogra- 
phy. To clarify the diagnosis, injections in both ventri- 
cles may be necessary. Although left ventricular injec- 
tions have been preferred in double outlet left ventri- 
cle,®48 in our experience a right ventricular cineangio- 
cardiogram can be as diagnostic if the septum is profiled 
(Fig. 4; 5, a and b; and 6b). When the heart and ventri- 
cles are in normal position the sinus septum is usually 
well profiled in the left anterior oblique projection (Fig. 
5, a and b). We commonly use biplane oblique views for 
this reason. However, when the heart is in an unusual 
position the septum may best be profiled in another 
view such as the frontal view (Fig. 4, a, b and d). 


FIGURE 8. The relative positions of the aorta (A) and 
pulmonary artery (P) as viewed in perpendicular right 
anterior oblique (RAO) and left anterior oblique (LAO) 
projections are shown for the relations illustrated in the 
accompanying horizontal body cross-sectional diagrams. 
The valves have been drawn with vertical relations and 
orientation suggesting the most usual conal anatomy and 
ventriculo-arterial connection expected for each of the 
positions: a, solitus normal; b, double outlet right ventri- 
cle; c and d, complete d-transposition of the great arte- 
ries; e, corrected /-transposition of the great arteries; 
f, inversus normal. The orientation and vertical relations 
are likely to differ in less typical cases. The plan view 
relations (right-left, anterior-posterior) can always be 
deduced from two oblique views. ANT = anterior; POST 
— posterior. 
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Assessment of the spatial relations of the origins of 
the great arteries is important for a complete under- 
standing of their relations to the septum and any defects 
in it. Great arterial positions are readily assessed by 
correlating the two oblique views. Any initial difficulty 
experienced by those familiar with frontal and lateral 
views only is more than compensated for by the diag- 
nostic advantage of profiling the septum in the left an- 
terior oblique view. It is a good practice to draw the 
horizontal relation diagrams until the patterns become 
familiar (Fig. 8). 


Left Anterior Oblique Projection 


Origin of rightward or posterior great artery: In 
a normal heart in the usual position, the basal part of 
the sinus septum forming the rightward margin of the 
left ventricular outflow tract between the tricuspid and 
mitral valves is well profiled in a 45 to 60° left anterior 
oblique projection (Fig. 5, a and b, shows these features). 
This basal septum usually slopes upward from left to 
right, making a definite but variable angle with the more 
apical sinus septum which lies vertically or slopes 
slightly in either direction in this view. When the aorta 
arises normally from the left ventricle, as in a normal 
heart or in isolated infracristal ventricular septal defect, 
the whole of the aortic valve lies on the left and posterior 
side of the basal septum. When there is slight aortic 
override, similar to the situation in tetralogy of Fallot, 
the degree of override can be judged in relation to the 





FIGURE 9. Transposition of the great arteries with overriding aorta. 
Diastolic cine frame (left anterior oblique [LAO] view) during injection 
in the right ventricle (RV). Contrast medium has filled the aorta (Ao) and 
the left ventricular outflow tract (LV), outlining the anterior leaflet of the 
mitral valve (M). The aorta overrides the basal septum. A low left pos- 
terior aortic sinus arises from the left ventricle, close to the mitral valve. 
A rightward sinus arises from the right ventricular free wall, and the third 
(anterior) sinus appears to override the septum. At operation this sinus 
was found in the right ventricle, hence the aortic origin is two thirds right 
ventricular, one third left ventricular. The pulmonary arterial (PA) origin 
from the left ventricle was shown early in the run and on left ventricular 
injection. 
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upper edge of the basal septum (Fig. 5b and 6, a and b, 
show this feature). The overriding part of the aortic 
contour is often profiled, and the origin of the appro- — 
priate aortic leaflet (usually the right anterior) from the 
right ventricular free wall may be clearly shown. When 
the aorta arises from the right ventricle as in double 
outlet right ventricle or transposition of the great ar- 
teries, the basal septum relates most closely to the - 
leftward posterior rim of the aortic valve if this is low : 
in position, or to the subaortic free wall (in double outlet 
right ventricle) or conal septum (in transposition of the — 
great arteries) if a well developed subaortic conus is | 
present. 

In three of our patients with double outlet left ven- 
tricle there was aortic override of some degree (Fig. 2; - 
5b; and 6, a and b) but only two patients were studied 
in the left anterior oblique projection. In another patient 
believed at cineangiocardiography to have double outlet 
left ventricle with about 50 percent override of aorta to 
right ventricle (Fig. 9), it was considered at surgery that 
two thirds of the perimeter of the aortic valve arose from 
the right ventricle though the whole of the left posterior 
sinus was on the left side of the septum. We therefore 
consider this case most appropriately classified as a case 
of transposition with overriding aorta rather than | 
double outlet left ventricle with overriding aorta. As- 
sessment of the degree of override is difficult in some 


s 





FIGURE 10. Double outlet right ventricle. Diastolic frame during injection 
in the left ventricle (LV) (left anterior oblique [LAO] view). The ven- | 
tricular septum is well profiled and the ventricular septal defect (VSD) 
above the basal septum is the only outlet from the left ventricle. The 
pulmonary artery (P) lies in normal position above the left ventricle but 
is remote from the mitral valve (M), being connected to the right ventricle 
by a normal subpulmonary conus. The left posterior margin of the pul- - 
monary ring takes origin from the anterior septal margin of the right 
ventricle (RV); the rightward anterior margin arises from the right 
ventricular free wall. The frame also shows the position of the aortic 
valve (A) in the right ventricle separated from the mitral valve by conal 
muscle. 
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cases even at autopsy and is somewhat arbitrary when 
the aortic valve, by overriding the septum, forms part 
of the boundary of the ventricular septal defect. 
Origin of the leftward or anterior great artery: 
In a normal heart in the usual position, the right ven- 
tricular origin of the pulmonary artery in the left ante- 
rior oblique projection can be confirmed by tracing the 
anterior septal margin of the right ventricle to the 
leftward posterior margin of the pulmonary valve (as 
in Fig. 10). The rightward anterior margin of the pul- 
monary valve arises from the right ventricular free wall. 
Even if the left ventricle and aorta are opacified, these 
attachments can usually be identified with cineangio- 
graphic analysis in spite of the overlapping shadows. In 
double outlet right ventricle the origin of the pulmonary 
artery is often similar to that of the normal heart (Fig. 
10). In tetralogy of Fallot the same connections can be 





hr. => 
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traced, although the pulmonary valve is frequently 
lower in position. 

In double outlet left ventricle with a normally ori- 
ented heart, the pulmonary artery is usually leftward 
and the pulmonary valve may appear to lie in a similar 
position to that of the normal heart or the heart with 
tetralogy of Fallot. However, its left ventricular origin 
remote from the basal septum is clearly indicated in the 
left anterior oblique projection by the leftward posterior 
part of the semilunar valve ring or subsemilunar conus, 
which arises from the left ventricular free wall (Fig. 5, 
a and b; and 6a). 

In four of our cases the conal septum separating the 
pulmonary from the aortic valve was entirely in the left 
ventricle, and the left anterior oblique view showed this 
well in Cases 4 and 5 (Fig. 5, a and b; and 6b). In Case 2 
the conal septum was replaced by a shallow fibrous 


FIGURE 11. Heart specimen in double outlet both ven- 
tricles. a, right ventricular (RV) outflow to aortic valve 
(AoV) and opened pulmonary valve (PV) and pulmonary 
artery (PA). The truncal septum (TS) is the fibrous ridge 
between the semilunar valves. The conal septum is ab- 
sent. The right posterior division (RPD) of the septal band 
(SB) separates the aortic valve from the tricuspid valve 
(TV). LAA = left atrial appendage; RAA = right atrial 
appendage. b, opened left ventricle (LV). There is tenuous 
fibrous continuity between the anterior leaflet of the mitral 
valve (MV) and the semilunar valves which override the 
ventricular septum and both ventricular cavities. In ad- 
dition to the sub-semilunar defect, there is a small mus- 
cular ventricular septal defect (VSD). 
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ridge, and the aortic ring was contiguous with the 
rightward part of the pulmonary valve (Fig. 3d). 

When the ventricular septal defect is anterior, re- 
lating more closely to the leftward pulmonary artery 
than to the rightward aorta, the pulmonary artery may 
override the ventricular septal defect. None of our cases 
of double outlet left ventricle presented this particular 
problem, but we have encountered it in transposition 
of the great arteries and in double outlet right ventricle. 
Difficulty in determining the degree of override can be 
expected, as discussed in relation to the overriding 
aorta. 


Right Anterior Oblique Projection 


In the normal heart the right anterior oblique pro- 
jection profiles the atrioventricular septum, forming the 
rightward posterior margin of the left ventricular out- 
flow tract.!6 The outflow septum formed by the conal 
septum (the leftward part of the parietal band of the 
crista supraventricularis) and the high anterior mus- 
cular septum are also profiled. Defects in all these areas 
(ventriculoatrial septal defects, atrioventricular canal 
defects, conal septal [“‘supracristal,” *intracristal"] and 
high anterior muscular septal defects) are therefore well 
shown by left ventricular cineangiocardiography in this 
view. The sinus septum and defects within it including 
the most common ventricular septal defect between the 
two limbs of the septal band are not profiled. 

In our patients with double outlet left ventricle with 
normally oriented ventricles, the ventricular septal 
defect was not profiled in the right anterior oblique 
view, and the most important relation of the great ar- 
teries to the septum was not directly demonstrated. 
However, the right anterior oblique view was an essen- 
tial part of the complete evaluation for several reasons. 
Ventricular septal defects in unusual position could be 
excluded. Evaluation of interrelations of the great ar- 
teries by correlation with the left anterior oblique view 
was possible (Fig. 8). The positions of the great arteries 
in relation to the long axis of the ventricles (base to 
apex) were shown in ideal projection. The evaluation of 
the site of origin of the great arteries was aided by noting 
the low normal relation of the aortic valve to the atrio- 
ventricular septum and mitral valve in cases with a 
rightward aorta (Fig. 5, c and d; and 6, c and d). The 
origin of the pulmonary artery from the left ventricular 
free wall above the mitral valve was also apparent from 
left ventricular injections (Fig. 5, c and d; and 6, c and 
d), thus confirming the information more reliably 
gained from the left anterior oblique view. Evaluation 
of the subpulmonary conus and conal septum was also 
helped by these views. 


Overriding of Both Great Arteries 


Perhaps the greatest difficulty in assessing the origin 
of the great arteries, even at surgery or autopsy, is en- 
countered when there is a large ventricular septal defect 
closely related to both the semilunar valve rings. The 
margins of the septal defect may reach from the left- 
ward aspect of the pulmonary ring to the rightward 
aspect of the aortic ring. Both great arteries contribute 
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to the upper “margin” of the defect and could be said | 
to override to some extent (Fig. 11). Different observers 
under the same conditions are likely to make different : 
diagnoses, and any observer is likely to allocate the great 
arteries to the ventricle through which they happen to © 
be viewed. We have not included such cases in this re- | 





FIGURE 12. Té'albgy variant with absent conal septum. Cine frames - 
after injection in the right ventricle (RV). a, diastolic frame in the left | 
anterior oblique (LAO) view; b, right anterior oblique (RAO) projection. * 
The aorta (A) and pulmonary artery (P) lie in the normal (aorta rightward - 
and posterior) interrelation. The conal septum is absent; the aortic and — 
pulmonary rings are contiguous and closely related to a high ventricular - 
septal defect (VSD) localized by flow of contrast medium above the. 
tricuspid valve (T) earlier in the study. The basal septum in a between 
the tricuspid and mitral (M) valves is intact and reaches the profiled - E 
rightward contour of the aortic valve, indicating its origin from the left 
ventricle (LV). The pulmonary valve appears to arise from the region - 
of the ventricular septal defect, possibly more from the left ventricle, - 
although the anterior and rightward margin in a arises from the right - 
ventricular free wall. At operation, the pulmonary ring was found to arise - 
from the right ventricular side of the ventricular septal defect. 
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view of double outlet left ventricle because we believe 
it is difficult to argue effectively in favor of this diagnosis 
over double outlet right ventricle. We believe that such 
cases could be categorized as having “ventricular septal 
defect with overriding of both great arteries" and the 
classification dilemma expressed in the short term 
“double outlet both ventricles.” These cases have a bi- 
laterally deficient distal conus and absent or deficient 
.conal septum. However, similar conal anatomy may be 
‚seen in unequivocal cases of double outlet left ventricle 
as previously reported? and as shown in our Case 2. The 
rotation and leftward or rightward positioning of the 
-semilunar valves relative to the sinus septum determine 
their connections, and seem to be influenced by other 
factors, not merely the type of conus. 
_ The differentiation of patients with double outlet 
both ventricles from those with “tetralogy” with small 
or absent crista! ?/!5 is difficult and sometimes arbitrary, 
depending on small differences in the relations of the 
semilunar valve rings to the edges of the ventricular 
septal defect (Fig, 12). The distinction between this type 
of tetralogy and double outlet both ventricles is rather 
‘academic because the surgical management is similar, 
and unlike that for true double outlet left ventricle. 


‘Unusual Cardiac Position 


|] 

_ Even when the heart lies in an unusual position, as in 
our Case 3 with visceroatrial situs solitus and dextro- 
cardia, application of the segmental approach with 
cineangiocardiographic identification of the ventricular 
morphologic features and the anatomic details and 
relations discussed in relation to normally positioned 
ventricles can lead to a confident preoperative diagnosis 
of double outlet left ventricle (Fig. 4). 


Surgical Management 


- Radiologic assessment of the morphology of the 
pulmonary stenosis is of value in suggesting the surgical 
possibilities. The presence of severe pulmonary stenosis 
at subvalve or valve ring level, or both, combined with 
a posterior position of the pulmonary ring, makes direct 
relief of the pulmonary stenosis impossible. Under these 
circumstances the pulmonary outflow must be closed 
off and the stenosis bypassed with an external conduit.!? 
Fortunately, in most cases the aortic-left ventricular 
relation is identical to that present in tetralogy of Fallot 
so that the ventricular septal defect can be closed to 
establish a normal series circulation and the conduit 
connects the pulmonary artery to the right ventricle. 
_ When there is no pulmonary stenosis, or when it can 
be relieved directly, it may be possible to close the 
ventricular septal defect so that the pulmonary artery 
is connected to the right ventricle, thus avoiding the 
need for a conduit pulmonary artery. This was accom- 
plished in the first reported repair! but is possible only 
if the pulmonary artery is suitably related to the ven- 
tricular septal defect. 

-= When the ventricular septal defect is subaortic and 
the pulmonary stenosis can be relieved directly, an ex- 
ternal conduit can theoretically be avoided by leaving 
the pulmonary artery in the left ventricle and closing 
the ventricular septal defeet to connect the aorta to the 
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right ventricle. An atrial baffle repair2° would then be 
necessary in addition, in patients with normal atrio- 
ventricular connection. Unfortunately, in our experi- 
ence, this operation is seldom feasible unless the degree 
of aortic overriding exceeds 50 percent in which instance 
the patient would be considered to have transposition 
of the great arteries rather than double outlet left ven- 
tricle. 

Our Case 5 is of special interest being the first re- 
ported case to our knowledge of double outlet left ven- 
tricle with visceroatrial situs inversus and a discordant 
d-loop.*! This case also illustrates the importance of 
knowing all the connections through the heart before 
planning surgery. As the pulmonary stenosis could be 
relieved directly, the repair consisted of a one-step 
closure of the ventricular septal defect so that the aorta 
was connected to the right ventricle. Because of the 
atrioventricular discordance an atrial baffle was not 
required. 


Types of Double Outlet Left Ventricle 


Double outlet left ventricle can be classified according 
to segmental connections, cardiac position, the variety 
of associated intracardiac features or the great artery 
interrelationships. Double outlet left ventricle has been 
reported in situs solitus and, with our Case 5, in situs 
inversus. Atrioventricular discordance was also present 
in Case 5, thus making it a rare exception to the well 
known association of discordant ventricular loop with 
transposition of the great arteries.?? All the other known 
cases of double outlet left ventricle have had atrioven- 
tricular concordance. Double outlet left ventricle has 
not yet been described with a ventricular l-loop. One 
patient, our Case 3, had isolated dextrocardia. 

The conal anatomy described in double outlet left 
ventricle is variable. The most common shows a near 
normal deficiency of subaortic conal muscle and a short, 
usually stenotic subpulmonary conus. There was 
probably a large subpulmonary conus in Case 2 of Pa- 
cifico et al.,* and their Case 4 may have had a subaortic 
conus. A short subaortic conus was present in two fur- 
ther cases." Bilateral absence of subaortic and subpul- 
monary conal muscle has been documented in two cases 
(Paul et al.? and our Case 2). 

In all the reported cases but one? there was a ven- 
tricular septal defect. These have commonly been 
subaortic in position as in our cases. In one patient 
there were additional muscular defects, and in another? 
the defect was described as posterior, restrictive and 
overhung by the tricuspid valve. A subpulmonary defect 
has been described in one patient.! 

Pulmonary stenosis, valvular or subvalvular, has been 
present in most patients. The three cases without pul- 
monary stenosis were the first two reported? and Case 
3 of Pacifico et al.4 

Various positions of the great arteries have been 
found in double outlet left ventricle. In most there was 
d -malposition of the great arteries with the aorta to the 
right of the pulmonary artery, sometimes side by side, 
sometimes rightward and anterior or posterior. In our 
Case 3 and three others*^ there was |-malposition with 
the aorta to the left. 
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The detailed anatomy of the heart is described in 32 autopsy cases of 
congenitally corrected transposition of the great arteries. This condition 
is defined as the combination of atrioventricular (A-V) discordance and 
transposition of the great arteries. Examples of primitive (single) ventricle 
with “inverted” (that is, left-sided in situs solitus) outlet chamber are 
excluded. Six hearts with A-V discordance and pulmonary atresia are 
described in an appendix. In 29 cases of corrected transposition the heart 
was in situs solitus; in 3 it was in situs inversus totalis. Only 5 of these 32 
hearts had no potential for intracardiac shunting. Anomalies of the tricuspid 
valve (91 percent of cases), ventricular septal defect (78 percent) and 
pulmonary outflow tract obstruction (44 percent) occurred with sufficient 
frequency to be considered part of the basic malformation and are de- 
scribed in detail. The precise anatomy and disposition of the A-V valve 
tension apparatus, the coronary arteries and the conducting tissues are 
described with special reference to possible surgical approaches for repair 
of the anomalies. In two hearts with situs solitus the aortic valve was 
right-sided with respect to the pulmonary valve. This finding is important 
for both diagnosis and nomenclature. 


In previous years surgeons have tended to avoid operative correction of 
congenitally corrected transposition of the great arteries in view of the 
known great risk of traumatic heart block.!-? However, recent investi- 
gators* © have elucidated the unusual disposition of conducting tissues 
in this anomaly, and subsequent surgeons, ’~? guided by direct intraop- 
erative identification of the atrioventricular (A-V) bundle, have suc- 
cessfully treated the malformation. Since the “corrected” nature of the 
circulation in the condition renders its associated anomalies!” particu- 
larly susceptible to surgical repair, it follows that a precise knowledge 
of the morphologic features of the heart is a desirable prerequisite for 
successful correction. Surprisingly, few investigators other than Lev and 
Rowlatt!! have studied the anatomy in a large series of autopsy speci- 
mens. For this reason we describe our finding in 32 autopsy cases of 
congenitally corrected transposition of the great arteries. 


Definitions 


In this study we define congenitally corrected transposition as the combination 
of A-V discordance and transposition of the great arteries. A-V discordance 
implies that the morphologic right atrium drains into the morphologic left 
ventricle, and the morphologic left atrium into the morphologic right ventricle, 
irrespective of the positions of these chambers within the thorax. For the defi- 
nition of transposition we have followed the precept of Van Praagh et al.!? and 
required that both great arteries be placed across the septum, to originate from 
morphologically inappropriate ventricles, irrespective of their positions relative 
to each other. We have also followed the suggestion of Ruttenberg!? that all 
hearts possess two identifiable ventricular sinuses separated by a discrete in- 
terventricular septum. We therefore excluded cases of primitive (single) ventricle 
with, in solitus hearts, a left-sided outlet chamber. Six hearts with pulmonary 
atresia are described in the Appendix. Since we cannot verify that the pulmonary 
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artery in these hearts would indeed have been placed across 
the septum, they are excluded from the major group. 

From these definitions it follows that the A-V relations in 
the hearts studied were either solitus (S) atria with L-bulbo- 
ventricular loop, or situs inversus (I) atria with D-bulboven- 
tricular loop (Fig. 1). With an L-loop the aortic valve position 
could either be left-sided in relation to the pulmonary valve 
(l-transposition) or right-sided (d-transpesition). Similarly, 
either d-transposition or /-transposition could exist in asso- 
ciation with a D-loop. It is evident, therefore, that the seg- 
mental arrangement of the hearts studied could have been 
{S,L,L}, {S,L,D}, IL;D,D] or IL, D,Lj (see Fig. 6). 

In indicating the location of the cardiac chambers we have 
followed the example of Lev and Rowlatt!! and described 
them in terms of their normal morphologic features irre- 
spective of their situation. Because chamber location is fre- 
quently not normal, we have also indicated the right-left po- 
sition of the chambers within the thorax. 


Material 


Thirty-two hearts satisfied our criteria for inclusion as ex- 
amples of congenitally corrected transposition of the great 
arteries (Fig. 1, 2 and 3A). We examined six other hearts (four 
in situs solitus, two in situs inversus) with A-V discordance, 
identifiable right and left ventricular sinuses and pulmonary 
atresia. In each of these the aorta arose from the morphologic 
right ventricle but, because we were uncertain of the origin of 
the atretic pulmonary artery, the hearts were not considered 
to represent congenitally corrected transposition and conse- 
quently are included only as an appendix to this series (Ap- 
pendix, Table I). Of the hearts with true congenitally corrected 
transposition, 29 (90.6 percent) were in situs solitus and 3 (9.4 
percent) in situs inversus. All subjects had a spleen, and vis- 
ceroatrial situs was obvious in all cases. Because not all 
subjects were hospital patients, a clinical history was not al- 
ways available. The hearts were obtained from the collections 


at Hammersmith Hospital (Royal Postgraduate Medical 
School), London; Brompton Hospital, London; Birmingham 
Children's Hospital; Royal Liverpool Children's Hospital; 
Children's Hospital, Sheffield; Grimsby General Hospital; 
Wilhelmina Gasthuis and Binnengasthuis, Amsterdam; 
Gemeente Ziekenhuis, Arnhem; and Sint Antonius Zieken- 
huis, Utrecht. One of us (S.P.A.) examined all specimens. The 
anatomic data of these specimens are given diagrammatically 
in Figure 2. Certain features of some hearts have been de- 
scribed elsewhere.^9.!4 


Results 


In the typical heart with this malformation, the 
normal right atrium communicates with a morphologic 
left ventricle through a mitral valve (Fig. 3B). The 
transposed pulmonary artery arises from the morpho- 
logic left ventricle, and pulmonary-mitral fibrous con- 
tinuity is present (Fig. 4). The normal left atrium 
communicates through a tricuspid valve with a mor- 
phologic right ventricle, from whose infundibulum the 
aorta arises (Fig. 5). The arrangement of the cardiac 
chambers is indicated in Figure 6. In hearts with situs 
solitus and A-V discordance, the transposed aortic valve 
was to the left of the pulmonary valve in 27 cases (93.1 
percent) and to the right in 2 (6.9 percent). In all hearts 
with situs inversus, the aortic valve was right-sided. 

Detailed anatomy of the morphologic left ven- 
tricle: The anatomy of this chamber is not merely that 
of the normal left ventricle in “mirror-image” position, 
The pulmonary outflow tract is deeply wedged into the 
chamber so that the mitral valve extends anteriorly in 
front of the most anterior point of the pulmonary valve 
As a consequence, a characteristic anterior recess of the 
ventricle is produced (Fig. 7A). The mitral valve is ro: 
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FIGURE 1. Diagrams of the base of the heart, seen from below. A, normal heart in situs solitus; B, normal heart in situs inversus; C, complete 
transposition in situs solitus; and D, congenitally corrected transposition in situs solitus. 
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FIGURE 2. Diagram of the base 


. of the heart, seen from below, 


Cases 1 to 32. Asterisks indicate 
intact ventricular septum. 
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FIGURE 3. Gross anatomy of congenitally corrected transposition in situs solitus. A, anterior view. B, the right atrium (RA) and morphologic left ventricle 
(ML V). The scallop appearance of the mitral valve is indicated by the numbers 1, 2 and 3 on the mural leaflet. ADCA = anterior descending coronary 
artery; Ao = aorta; APM = anterior papillary muscle; ‘LCA’ = left (circumflex) coronary artery; MC = major cusp of the mitral valve; MRV = mor- 
phologic right ventricle; PPM = posterior papillary muscle; ‘RCA’ = right coronary artery. 


tated compared with the normal heart, so that the mural 
leaflet is anterior and the “aortic” (in these specimens 
the pulmonary) leaflet is posterior and has fibrous 
continuity with the pulmonary valve. The anterior 
leaflet therefore shows the anticipated triple “scallop” 
appearance (Fig. 3B). The papillary muscle grouping 
varies correspondingly. The smaller, normally posterior 
papillary muscles are, in corrected transposition, set in 
the anteromedial wall of the right-sided left ventricle. 
Although the muscle group varies in position, mea- 
surements in our larger specimens indicated that the 
muscles were 20 to 50 mm under and anteromedial to 
the right atrial appendage and 20 to 40 mm to the right 
of the anterior descending coronary artery (see later). 
This group of muscles is frequently supplied by large 
branches of the anterior descending artery. In hearts 
from children, the muscle group was 10 to 30 mm below 
the right atrial appendage. The posterior major papil- 
lary muscle group was set in a posteroinferior position 
in the posterolateral wall of the chamber. It was variable 
in appearance, consisting of a single large muscle in 
some hearts but of several small muscles in others. The 
pulmonary outflow tract is obscured by the posterior 
major cusp of the mitral valve, and retraction of this 
cusp is necessary to visualize the pulmonary valve and 
membranous septum (Fig. 7). As in the normally ori- 
ented left ventricle, the upper third of the septum is 
smooth and the apical portion is finely trabeculated, 
although these trabeculae tend to be coarser than in the 
normal left ventricle. Unlike the normal left ventricle, 
in fixed specimens, the A-V bundle and left bundle 
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FIGURE 4. The pulmonary outflow tract in congenitally corrected 
transposition (solitus). A, close-up view. B, drawing of A. Pulmonary- 
mitral valve continuity is present. The pulmonary outflow tract (POT) 
is unobstructed. The atrioventricular bundle (AVB) is seen encircling 
the pulmonary valve (PV) and extending over the anterior ventricular 
septum. CS = coronary sinus; FO = foramen ovale; LBB = left bundle 
branch; MLV = morphologic left ventricle; MV = mitral valve; RA = 
right atrium. : a 
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al) left atrium (MLA) and inflow portion of the 
morphologic right ventricle (MRV). B, outflow portion of morphologic right ventricle. Ao = aorta; APM = anterior papillary muscle; CPM = conal 
papillary muscle; CVF = conoventricular flange; TSM = trabecula septomarginalis; TV = tricuspid valve; VSD = ventricular septal defect. 
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FIGURE 5. Morphologic right ventricle in congenitally corrected transposition. A, morphologic (norm 


branch are frequently visible to the naked eye in an 
anterior position, encircling the pulmonary outflow tract 
(Fig. 4 and 7C). 

Detailed anatomy of the morphologic right ven- 
tricle: As in the normal right ventricle, both inflow and 
outflow portions are recognized, the two being separated 
by a crista supraventricularis. The tricuspid valve is not 
rotated to the same degree as the mitral valve. Posterior, 
medial (septal) and anterior leaflets are present. The 
[solitus - discordant - | transposition Solitus - discordant - d transposition posterior cusp has chordal and, frequently, papillary 
E IS... = 27 caves [s.t,0) — 2cases muscle attachments to the posterior ventricular wall. 
The septal leaflet is usually related to the papillary 
muscle of the conus and a large anterior papillary 
muscle group, arising from the trabecula septomargi- 
nalis, tethers both the septal and anterior leaflets. The 
trabecula septomarginalis forms a prominent septal 
structure and bifurcates superiorly as in the normal 
right ventricle; the conal papillary muscle arises from 
its posterior limb. This muscle is frequently represented 
by a tendinous cord. 

Detailed anatomy of the *membranous septum": 








Inversus - discordant - d transposition Inversus - discordant - | transposition Atrioventricular and interventricular portions of this 

{1,0,0}— 3 cases {1, D.L} — 0 cases septum are recognized. However, unlike conditions in 
FIGURE 6. Location of the cardiac chambers and the interrelation the normal hear t, the A-V portion 7 i eke between 
of the great arteries in 32 cases of congenitally corrected transposition. the left atrium and the morphologic left ventricle, as 


Abbreviations as in Figures 3 and 5. illustrated by Walmsley.!? The interventricular portion 
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FIGURE 7. Anatomy of the membranous septum. A, 
morphologic right atrium (MRA) and morphologic left 
ventricle (MLV) showing the membranous septum and 
anterior recess (AR) of the morphologic left ventricle. B, 
transilluminated view of the A-V portion of the mem- 
branous septum with an aneurysm of the interventricular 
membranous septum (AIVMS) seen from the right side. 
C, transilluminated view of the A-V portion of the mem- 
branous septum seen from the left side. The abnormal 
chordae tendineae of the tricuspid valve are well seen 
in this photograph. AIVMS = aneurysm of interventricular 
membranous septum; APM = anterior papillary muscle; 
LA-LV MS = left atrium-left ventricular portion of the 
membranous septum; MLA = morphologic left atrium; 
MRV = morphologic right ventricle; P-MC = pulmo- 
nary-mitral continuity. 


of the membranous septum is much larger than that in 
the normal heart owing to the malalignment between 
the interatrial and interventricular septums in this 
disorder®® (Fig. 7). 

Disposition of the coronary arteries: The coronary 
arteries in corrected transposition of the great arteries 
demonstrate the anatomy appropriate to their ventri- 
cles; that is, the anterior descending and circumflex 
arteries supply the anatomically left ventricle, as in the 
normal heart, and the right coronary artery belongs to 
the morphologic right ventricle. However, their aortic 
origins are peculiar to the malformation if one bears in 
mind that, as in all transpositions, the noncoronary 
sinus is the anterior sinus of the aortic valve. 

In the heart in situs solitus, the anterior descending 
and circumflex arteries usually arise by acommon stem 
from the right posterior aortic sinus. In one heart in situs 
solitus (Case 22) the circumflex artery was absent, and 
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in another (Case 10) the anterior descending and cir- 
cumflex arteries arose from separate ostia in the right 
posterior sinus. The anterior descending coronary artery 
emerges from beneath the tip of the right atrial ap- 
pendage and follows the interventricular sulcus down- 
ward and to the right. The circumflex coronary artery 
arises from the main stem and passes to the right in the 
right A-V groove. The descending branches arise in the 
normal manner, but in one heart (Case 17) the circum- 
flex artery gave origin to a particularly large number of 
muscular branches, quite close together, throughout its 
course. 

The coronary artery supplying the morphologic right 
ventricle has its ostium in the left posterior aortic sinus, 
and has the pattern of distribution of a right coronary 
artery in the normal subject. In one heart (Case 4) a 
large number of muscular branches were given off along 
the length of this artery, and in two hearts (Cases 13 and 


December 1976 The American Journal of CARDIOLOGY Volume 38 ' $15 


DTE. TA RE EG NE 


(ANATOMY OF CORRECTED TRANSPOSITION—ALLWORK ET AL 


.18) very large conal coronary arteries arose from it. The 

artery supplying the morphologic right ventricle gen- 
erally terminated as the posterior descending coronary 
artery, as in the normal heart. 

In the three hearts with situs inversus, the distri- 

bution of the coronary arteries appeared at first sight 
to be identical with that of the normal heart; however, 
the anterior descending coronary artery, following the 
interventricular sulcus in the normal manner, arose 
from the left posterior aortic sinus, not the left antero- 
lateral sinus as in the normal heart in situs inversus. The 
right coronary artery arose from the right posterior 
aortic sinus. This pattern was seen in two of the three 
hearts, but in one (Case 2) the anterior descending and 
right coronary arteries originated from two ostia in the 
left posterior aortic sinus and a large conal coronary 
artery was present. 
- Disposition of the conducting tissues: A detailed 
description of the course of the conducting tissues in 11 
of the hearts has appeared elsewhere.? In the remaining 
hearts it was frequently possible on gross inspection to 
confirm the anterior position of the A-V bundle and to 
observe the relation of the bundle to the anterolateral 
‘quadrant of the pulmonary outflow tract (Fig. 4 and 8). 
The relation of the bundle to septal defects will be de- 
scribed later. 

Associated defects: Ventricular septal defects, 
pulmonary obstruction and tricuspid valve malforma- 
tions are so frequent in corrected transposition of the 
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great arteries that they may be considered part of the 
malformation.!9.!^ Discussion of these abnormalities will 
therefore precede discussion of associated anomalies. 

Defect of the ventricular septum: Defects were 
present in 25 of the 32 hearts (78.1 percent). Because of 
the malalignment usually seen between the interatrial 
and interventricular septums in congenitally corrected 
transposition, the majority of these defects were due to 
incomplete closure of the malalignment gap by the in- 
terventricular portion of the membranous septum (Fig. 
9). 

Malalignment defects were present in 21 hearts (84 
percent), and 2 of these (Cases 27 and 28) also demon- 
strated defects of the conal septum. 

Defect of the conal septum occurred in two hearts 
(Cases 24 and 25) without malalignment defect, and a 
muscular defect was present in Cases 22 and 23. In Case 
15, both malalignment and muscular defects of the 
ventricular septum were demonstrated angiocardi- 
ographically when the patient was 7 years old, but both 
defects had closed in the intervening 8 years. 

Aneurysm of the membranous septum occurred in 
eight specimens (25 percent) (Fig. 7A). In Cases 15 and 
20, the aneurysm occluded the septal defect completely; 
in Case 2, the ventricular septum was intact and there 
was an aneurysm of the membranous septum measuring 
11 by 8 mm. The ventricular septal defect was wholly 
or partly occluded by tricuspid valve tissue in 7 of the 
25 specimens, and this tissue was seen together with 


Anterior bundle 





FIGURE 8. The large drawing is a recon- 
struction by one of us (R.H.A.) of the position 
and relation of the anterior node and A-V 
bundle. The extent of the reconstruction is 
shown at the lower left. The clock figures in- 
dicate the areas of the pulmonary outflow tract 
and ventricular septal défect (VSD) at risk 
during surgical intervention (see text). LBB — 
left bundle branch; MLV = morphologic left 
ventricle; PV = pulmonary valve; RA = right 
atrium. 
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aneurysm of the membranous septum in Case 6. Total 
or partial occlusion of the ventricular defect by fibrous 
tissue occurred therefore in 9 of the 25 specimens (Fig. 
9). 

Relation of the conducting system to the defect of the 
ventricular septum: 'The penetrating part of the A-V 
bundle emerges from the anterior node at the lateral 
border of the area where the pulmonary and mitral valve 
are in continuity in the morphologic left ventricle. It 
then passes laterally to the anterior roof of the pulmo- 
nary outflow tract, inferior to the ring of the pulmonary 
valve, which it encircles laterally, descending anteriorly 
to reach the muscular ventricular septum. Here it de- 
scends anteriorly and slightly to the right. If a defect of 
the ventricular septum is present, the bundle is related 
to the anterior margin of the defect. In hearts in which 
the bundle was visible with the naked eye, it was never 
more than 3 mm from the anterior rim of the defect; this 
was also true in hearts with an aneurysm of the mem- 
branous septum. 

When a ventricular septal defect is present, the 
bundle bifurcates into left and right bundle branches 
on the anterior aspect of the inferior rim of the defect 
(Fig. 8). If the ventricular septum is intact, the bundle 
bifurcates at the anterior summit of the muscular sep- 
tum. The morphologic left bundle branch passes 
downward, anterior and to the left, to divide into smaller 
branches in the middle and lower thirds of the septum. 
The morphologic right bundle branch, represented by 
a slender thread or cord-like bundle, passes into the 
morphologic right ventricle either below or anterior to 
the papillary muscle of the conus (muscle of Lancisi). 
The conducting tissue bundle divides and fans out 
widely over the anterior trabeculae of the morphologic 
right ventricle. 

Abnormalities of the pulmonary outflow tract: The 
pulmonary outflow tracts of certain of these specimens 
have been described elsewhere.!* Obstruction to the 
pulmonary outflow tract occurred in 14 hearts (43.7 
percent). Three had pulmonary valve stenosis only (9.3 
percent) ond one of these, Case 16, had a unicuspid 
pulmonary valve. Nine hearts had both valve and sub- 
valvular obstruction (28 percent) and two (6 percent) 
had subvalvular obstruction alone. In one of these (Case 
18) the pulmonary outflow tract obstruction was due to 
grossly abnormal calcified tricuspid valve tissue. 

Subvalvular pulmonary outflow tract obstruction 
was due to aneurysm of the membranous septum (five 
cases), abnormal tricuspid valve tissue (two cases) or 
tissue from the pulmonary valve itself (one specimen); 
in the remaining three cases, it was due to muscle 
bulging into the morphologic left ventricle. 

Since the A-V bundle is close to the defect of the 
ventricular septum, it also has an intimate relation with 
obstruction to the pulmonary outflow tract if this is also 
present. 

The tricuspid valve: Anatomic malformation of this 
valve was the most common anomaly associated with 
corrected transposition of the great arteries. It was 
noted in 29 hearts (91 percent), 2 of the 3 hearts with 
situs inversus and 27 of the 29 with situs solitus. The 
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most common malformation resembled Ebstein's. 
anomaly of the tricuspid valve and was present in 22. 
specimens (76 percent). It was characterized by short, 
thickened chordae tendineae anchoring the cusps, 
particularly the posterior cusp, to the ventricle (Fig. 5A). 
Nodules were commonly found on the free (apposing) 
edges of the cusps, which gave the valve a warty ap- 
pearance. The malformation in which a portion of the 
morphologic right ventricle is *atrialized" did not occur 
in this series. 4 

Stenosis or hypoplasia of the tricuspid valve was 
found in five hearts, and in Case 12 the valve had been 
replaced with the Starr-Edwards prosthesis. In Case 26 
the tricuspid valve had a double orifice. A stenosing ring 
of fibrous tissue was observed on the left atrial (supra- 
valvular) aspect of the tricuspid valve in five hearts (17.2 
percent). | 

Associated anomalies: Atrial septal defect or pa- 
tency of the foramen ovale occurred in 15 hearts (47 
percent), all with a ventricular septal defect; 8 of these 
hearts (25 percent) also had pulmonary outflow tract 
obstruction. The ductus arteriosus was patent in 9 
complete hearts (35 percent), but 6 of the 32 hearts (18 
percent) were incomplete with respect to the distal 
aorta, so that the prevalence rate of patent ductus ar- 
teriosus may be greater than 35 percent. 

Patent ductus arteriosus and atrial septal defect 
coexisted in six specimens (18.75 percent), all with a 
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FIGURE 9. Defect of the ventricular septum (VSD) partly occluded by 
the (incomplete) interventricular membranous septum. The posterior 
location of the major papillary muscle (PPM) of the mitral valve (MV) 
is clearly seen. MLV = morphologic left ventricle; PA = pulmonary 
artery. 3 y. 
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ventricular septal defect. Only one of these six hearts 
(Case 16) had pulmonary outflow tract obstruction, due 
in this case to a unicuspid pulmonary valve. In Case 27, 
the ductus arteriosus was patent 2 days before death, 
but was anatomically closed at necropsy. In Case 25, the 
ductus arteriosus anastomosed the right subclavian 
artery with the right pulmonary artery. Hypoplasia of 
the isthmus was present in four hearts (15 percent of 
complete specimens); all four had a ventricular septal 
defect, and three had also an atrial septal defect and two 
had pulmonary outflow tract obstruction. Anomalies 
of the aortic valve occurred in three additional cases (9.3 
percent), and in two others (Cases 3 and 12) there was 
a clinical history of aortic regurgitation although the 
yalves were anatomically normal. The heart in Case 16 
had severe calcific stenosis of a bicuspid valve; in Case 
15 there were thick, but competent cusps and in Case 
25 there was infundibular aortic obstruction. 

Cases 7, 10, 11 and 13 demonstrated endocardial fi- 
broelastosis of the morphologic right ventricle. 


Discussion 


Classification criteria: Precise definition of “con- 
genitally corrected transposition” has been a conten- 
tious topic in recent years. Some consider A-V dis- 
cordance the hallmark of the anomaly!? and consider 
the term congenitally corrected transposition justified 
only when two ventricular sinuses can be shown to be 
connected with separate morphologically inappropriate 
atria. In contrast, other investigators!®16 give the im- 
pression that they consider corrected transposition 
synonymous with “l-transposition” and include ex- 
amples of primitive (single or common) ventricle with 
outlet chamber within the category of congenitally 
corrected transposition. As a result of our study we en- 
dorse the first of these concepts as enunciated so clearly 
by Ruttenberg.!? We are unable to accept that “l- 
transposition” should be considered an essential part 
of the anomaly. Our investigation has shown that some 
hearts with situs solitus and A-V discordance have the 
transposed aortic valve to the right of the pulmonary 
valve. Of equal relevance is the demonstration by Carr 
et al.17 that the aortic valve is left-sided in approxi- 
mately 15 percent of hearts with situs solitus, A-V 
concordance and transposition. We are also unable to 
define congenitally corrected transposition as “L-loop 
transposition” since this definition would exclude hearts 
E transposition associated with situs inversus and 
A-V discordance. Our study has shown that such hearts 
are undoubted examples of congenitally corrected 
transposition. We therefore submit that the only ade- 
quate definition of congenitally corrected transposition 
is the combination of A-V discordance and transposi- 
tion, the latter defined literally, as suggested by Van 
Praagh et al.!?— that is, placement of both great arteries 
across the septum to arise from morphologically inap- 
propriate ventricles. 

- It may be argued that such a definition does not ex- 
elude hearts with primitive ventricle and left-sided 
outlet chamber, since they also exhibit A-V discordance. 
We are unable to accept this contention. In primitive 


ventricle, both valves drain to a main ventricular 
chamber whose precise nature is in dispute.!?!? But 
whatever its nature, it is clearly improper to use the 
term concordance or discordance when both atria open 
to the same chamber irrespective of the position of the 
outlet chamber. Furthermore, from a surgical stand- 
point, the absence of a septum in the main ventricular 
chamber makes primitive ventricle with outlet chamber 
a considerably more daunting operative prospect than 
corrected transposition. As Ruttenberg!? has indicated, 
primitive ventricle with left-sided outlet chamber is best 
considered separately from congenitally corrected 
transposition. 

Sex, age and longevity: Following these criteria, we 
examined 32 hearts with corrected transposition. The 
patient's sex was known in 24 cases, and males pre- 
dominated in the ratio of 1.6:1. This finding is in accord 
with figures previously quoted for both congenitally 
corrected transposition!920-?? and congenitally com- 
plete transposition.?? Our subjects ranged from stillborn 
to 51 years of age. It has been stated that absence of 
associated anomalies is essential to longevity,!6?4 and 
our two oldest subjects had no intracardiac shunt. 
However, the third oldest, a man of 48 years (Case 16), 
had ventricular septal defect, pulmonary stenosis, cal- 
cific aortic stenosis, atrial septal defect and persistent 
ductus arteriosus. 


Anatomic Considerations 


Associated anomalies: Our results strongly support 
the proposal of Van Praagh!? that “associated anoma- 
lies" should be considered an essential part of congen- 
itally corrected transposition. Only 5 of the 32 hearts did 
not have the anatomic features necessary for intracar- 
diac shunting, but all 5 had a dysplastic tricuspid valve. 
Our findings confirmed that the most common associ- 
ated anomalies were ventricular septal defect, pulmo- 
nary stenosis, tricuspid valve anomalies and conduction 
disturbances. However, the frequency of tricuspid 
anomalies was greatest (91 percent of cases), followed 
by ventricular septal defect (78 percent) and pulmonary 
stenosis (44 percent). A precise figure for conduction 
disturbances was unavailable owing to the lack of clin- 
ical data, but in those whose clinical history was avail- 
able, the prevalence of dysrhythmias was great. 

Tricuspid valve malfunction: Our observed prev- 
alence rate of dysplasia of the morphologic tricuspid 
valve is considerably higher than that reported in a 
previous series.” The condition of tricuspid valve 
malformation in corrected transposition was first re- 
ported by Edwards,”° and his description was exem- 
plified by the case of Becu et al.” The anomaly is fre- 
quently called Ebstein's anomaly,” and indeed our 
observations are in close accord with the original de- 
scription by Ebstein.?5?? Thus the dysplastic valve in 
corrected transposition is characterized by short 
thickened chordae tendineae that attach the cusps, 
particularly the posterior cusp, to the ventricular wall. 
However, the situation in which part of the morphologic 
right ventricle becomes “atrialized” was not seen in our 
hearts. Similarly, Becker et al.,?? observed that the valve 
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was dysplastic and showed downward displacement of 
its posterior and septal cusps but found no “atrializa- 
tion.” It may well be that the pathologic dysplasia ob- 
served in our study does not necessarily render the valve 
incompetent. In our patients with clinical data, a history 
of “mitral” regurgitation was not prominent. This fact 
could explain the discrepancy between our large prev- 
alence rate of tricuspid dysplasia (91 percent) and the 
relatively low rate of tricuspid regurgitation (33 percent) 
reported by clinical investigators.'®.° It therefore seems 
reasonable to suggest that the morphologic tricuspid 
valve in corrected transposition is anatomically ab- 
normal in the majority of cases but is functionally de- 
ficient in only about a third. In five of our hearts a su- 
pravalvular stenosing ring was present in the morpho- 
logic left atrium above the morphologic tricuspid valve. 
None of the valves in these hearts exhibited parachute 
deformity. The classic syndrome of supravalvular ring, 
parachute valve and coarctation usually involves the 
morphologic mitral valve in normally oriented 
hearts.*!.32 Although there is no reason to suppose that 
a similar complex may not occur in corrected transpo- 
sition, only one of our five hearts with a supravalvular 
ring had hypoplasia of the isthmus. 

Ventricular septal defect: The majority of the 
ventricular septal defects encountered in our series were 
of the malalignment variety (84 percent). We encoun- 
tered conal septal defects in only four hearts (15 percent 
of hearts with defects) and two of these accompanied 
malalignment defects. We are aware of only one addi- 
tional conal defect reported in the Western literature,?? 
whereas Okamura and Konno* found four conal defects 
in a series of six Japanese patients. This difference may 
reflect a racial difference because absence of the conal 
septum has been reported in a large proportion of Jap- 
anese patients with tetralogy of Fallot.?? Although by 
virtue of the septal malalignment seen in corrected 
transposition® most of the defects were large, 36 percent 
were partially or totally occluded by fibrous tissue (Fig. 
7). This tissue was derived from the tricuspid valve in 
the majority of cases, but from the aneurysmal mem- 
branous septum in two hearts. Laennec first described 
aneurysm of the membranous septum in the normally 
oriented heart and Summerall et al.?? described it in 
corrected transposition. There has been discussion of 
its origin. Some?7-4^? have contended that a partially 
formed membranous septum becomes aneurysmal 
during spontaneous closure of small *membranous" 
ventricular septal defects. Others *'^4? consider the an- 
eurysm to be congenital rather than acquired. Misra et 
al.*? and Freedom et al.*4 have produced evidence in- 
dicating that the condition may be acquired, and most 
of our observations tend to support this view. However, 
in the majority of our cases the defects were closed by 
the abnormal tricuspid valve, which in some instances 
was additionally aneurysmal. 

Pulmonary outflow tract obstruction: Such ob- 
struction, as in congenitally complete transposition,*” 
could arise from multiple sources. The nature of ob- 
struction in some of our cases has already been re- 
ported.!^ The remaining cases showed similar anoma- 


lies. Thus aneurysmal protrusions from fibrous struc- 
tures surrounding the outflow tract were the most fre- 
quent cause of obstruction. Such aneurysms were pre- - 
viously described by Levy et al.*6 as originating from the © 
morphologic mitral valve. None of the aneurysms in our 
series had this origin; instead they originated from the : 
membranous septum or tricuspid or pulmonary 
valve. ' A 
Additional findings in our study deserve attention. - 
It is important to realize that the aortic valve can be 
right-sided with respect to the pulmonary valve in 
corrected transposition in situs solitus. This can be the 
consequence of rotation at the ventriculo-conal level? 
or at the A-V level.48-49 Tt is of paramount importance 
to recognize this feature, since one of our patients died 
as a result of the mistaken assumption that complete - 
transposition was present. This emphasizes the neces- 
sity of establishing connections at both A-V and ven- 
triculo-arterial levels rather than inferring the former 
from the latter (the “loop” rule). This “rule” has been 
shown to be an unreliable guide to A-V connections! ^^? 
(Fig. 6). 

Coronary arteries: In all of our specimens these 
arteries followed a recognizable pattern previously de- 
scribed as a guide to A-V discordance.!!?! Thus, coro- 
nary arteriography or aortic root opacification may be 
very helpful in making the diagnosis of corrected . 
transposition.?! It is of further significance that the 
course of the anterior descending coronary artery de- 
lineated the situation of the septum, a feature of con- 
siderable surgical importance. Significant anomalies of 
the coronary arteries were restricted to absence of the 
circumflex artery in one heart and multiple large conal 
branches in three hearts. Large conal branches are fairly 
common in other forms of congenital heart dis- 
ease. 92-94 

Anomalies of the aorta: These occurred with some 
frequency in our hearts. Hypoplasia of the isthmus was 
present in the heart of four subjects who died in infancy. 
A patent ductus arteriosus was observed in nine hearts; 
the ductus was unusually long and sometimes tortuous, - 
It has been suggested?” that atrial septal defect or pat- - 
ent foramen ovale is uncommonly associated with cor- | 
rected transposition. In our series, 47 percent had evi- 
dence of an interatrial communication. 


Surgical Considerations 


Until very recently, results of surgical repair of cor- - 
rected transposition have indicated high mortality and : 
morbidity rates.!-? This has been due primarily to. 
traumatic production of heart block, and secondly to - 
division of papillary muscles or coronary arteries. From : 
recent studies that have elucidated the disposition of : 
conducting tissues. and from our observations, we . 
suggest that these problems can be overcome. It is 
known that heart block can occur during preoperative | 
manipulation of the heart.! This cannot be avoided, but - 
careful placement of caval cannulas may minimize the : 
hazard of early trauma to the A-V bundle. The con- - 
necting A-V node in corrected transposition is usually 
situated anteriorly in the morphologic right atrial orifice _ 
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and is therefore in danger if the caval cannulas are in- 
troduced through the right atrial appendage. This 
damage may be avoided if cannulation is performed 
through a right atriotomy or if the cannulas are inserted 
directly into the venae cavae at a distance from the 
heart, similar to the direct venous cannulation for 
Mustard’s operation.?? 

. Selection of site of incision for repair and iden- 
tification of A-V bundle: The potential success of 
surgery in corrected transposition may be greatly in- 
fluenced by the choice of approach to the ventricular 
septal defect or pulmonary outflow tract. Until recently 
most surgeons incised the morphologic left ventricle, 
frequently producing the complications referred to 
earlier.!-? Our study has demonstrated that the situa- 
tion of the anterior septum is indicated by the anterior 
descending coronary artery. The site of the anterior 
papillary muscle of the mitral valve is frequently 
marked by direct branches from the descending artery, 
but in all hearts studied a safe plane for incision could 
be determined between the anterior muscle and the 
septum. The anterior muscle may also readily be pal- 
pated through the right atrium. After incising the 
morphologic left ventricle, it may be necessary to effect 
considerable retraction on the mitral valve in order to 
visualize the defect. Viewed from such an incision, the 
A-V bundle will encircle the pulmonary outflow tract 
from “12 o'clock to 3 o'clock" and will be directly related 
to the anterior rim of the defect from “3 o'clock to 6 
o'clock" (Fig. 8).^9 If this position is confirmed either 
by gross inspection, or preferably with intraoperative 
mapping, recent experience has shown that repair can 
safely be effected."-? Pulmonary obstruction can also 
be relieved with use of this approach if we bear in mind 
that relief of anterior muscular obstruction is absolutely 
contraindicated. It should also be emphasized that re- 
cent studies in our laboratories have demonstrated that 
in corrected transposition with situs inversus, the A-V 
bundle may be in posterior position, as in a “normal” 
ventricular septal defect (unpublished observations). 
We therefore suggest that approach through the mor- 
phologic left ventricle is dependent upon availability 
of apparatus to identify the A-V bundle during opera- 
tion. 

Approach through morphologic right versus left 
ventricle: Our observations indicate that approach 
through the morphologic right ventricle has fewer 
hazards than other approaches. The conducting tissues 
are less vulnerable from this approach; the papillary 
muscles of the tricuspid valve are not at risk from in- 
fundibular incision; only conal arteries may be at risk, 
and these are avoidable. This approach provides good 
access to malalignment, conal septal and muscular de- 
fects. The disadvantage of this approach is that the 
morphologic right ventricle is the systemic ventricle, 
and indeed Kinsley et al.^? attributed death in one of 
their patients to ventricular failure consequent upon 
ventriculotomy. However, operations through the sys- 
temic ventricle in normally oriented hearts are now well 
»stablished.56-?? In corrected transposition, it is also 
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possible to incise the infundibulum, which is a relatively 
noncontractile area. Closure of ventricular defects in 
complete transposition with Mustard’s operation has 
been successfully accomplished through similar inci- 
sions into the systemic ventricle.9? Approach through 
the morphologic right ventricle is particularly to be 
recommended when intraoperative mapping facilities 
are unavailable or when the apex of the heart is directed 
to the right in situs solitus. Okamura and Konno*4 
recommend this approach for conal defects but ques- 
tioned its efficacy for malalignment defects. Our ob- 
servations, obtained in autopsy material only, suggest 
that the defects are readily accessible through the in- 
fundibular incisions. However, they also indicate that 
relief of pulmonary outflow tract obstruction is gener- 
ally impracticable with this approach and that the 
method should be reserved for hearts without such ob- 
struction. 

Other surgical approaches: Other approaches have 
been suggested for repair of the ventricular defect in 
corrected transposition. A transatrial route has been 
suggested,” and Ruttenberg?? briefly considered de- 
tachment of the mitral valve to gain access to the pul- 
monary outflow tract. Skow and Mulder?! utilized this 
approach in one patient, but produced nonfatal heart 
block. In view of the relation of the A-V bundle to this 
structure, this event is hardly surprising. In our opinion 
such an approach is inadvisable. If the pulmonary valve 
is stenotic, it can successfully be incised through the 
pulmonary artery. However, if the pulmonary ob- 
struction is subvalvular, it and any accompanying defect 
should be first approached through the morphologic left 
ventricle, utilizing the precautions mentioned. The 
important point is to delineate precisely the nature of 
the obstructive lesion, since it may take origin from ei- 
ther the pulmonary or tricuspid valve. Pulmonary ob- 
struction of multiple origin, and without doubt that due 
to muscular obstruction, may best be treated by place- 
ment of a conduit. 

Tricuspid valve repair or replacement: Our 
studies have indicated that the tricuspid valve is ab- 
normal in almost all hearts with corrected transposition. 


.Left A-V valve incompetence may be masked during life 


by the presence of an interatrial communication but 
may become important in the postoperative period, 
being a possible causal factor in pulmonary edema and 
systemic ventricular failure. Recently, the tricuspid 
valve has been replaced successfully using a low profile 
prosthetic valve.9? The small size of the morphologic 
right ventricle in many of our hearts certainly com- 
mends the use of low profile prostheses. In one of our 
specimens the right ventricle was completely filled by 
a regular Starr-Edwards prosthesis; however, the pa- 
tient died of heart block that followed removal of an- 
terior subpulmonary muscular obstruction. If the in- 
tegrity of the tricuspid valve becomes prejudiced by 
relief of pulmonary outflow tract obstruction (for in- 
stance, when the valve itself is aneurysmal), then re- 
placement by a low profile prosthesis should be con- 
sidered. 
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APPENDIX 


Congenitally Corrected Transposition With 
Pulmonary Atresia 


Six hearts with atrioventricular (A-V) discordance and 
pulmonary atresia were excluded from the description of 
congenitally corrected transposition as we were unable to 
speculate on the ventricular origin of the pulmonary valve. 


Anatomic Data 


'The anatomic data of these six hearts are summarized in 
Table I. The A-V topography was essentially similar to that 
of congenitally corrected transposition except for one striking 
difference. The membranous part of the septum was absent 
from all six specimens. As has been described in congenitally 
corrected transposition there is considerable malalignment 
between the atrial and ventricular septums. In contrast, these 
septums are much better aligned in the hearts with A-V dis- 
cordance and pulmonary atresia. Thus, in all six specimens 
there is the potential for communication between the atrial 
and the posterior ventricular septums. 

Ventricular septal defect: This anatomic feature has 
several important sequelae that differentiate this condition 
anatomically from congenitally corrected transposition. The 
most important of these is the nature of the defect of the 
ventricular septum. Whereas in the hearts with congenitally 
corrected transposition the defect of the ventricular septum 
was primarily of the malalignment type, in the five hearts with 
pulmonary atresia the defect was in the site of the primary 
interventricular foramen. In our series, 9 of the 25 hearts with 
ventricular septal defect exhibited a degree of obstruction by 
fibrous tissue, but in those with pulmonary atresia, obstruc- 
tion to the defect occurred only once. 

In Case 1 the defect was invisible to the naked eye, but was 
evident on microscopy; in the remaining five cases it was 
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widely patent. In Case 2, a complete endocardial cushion de- 
fect was present. In Cases 3 and 4, the defect was at the su- 
perior aspect of the trabecula Septon dreina and its pos- 
terior boundary was formed by A-V valve tissue that inserted 
into the right-sided summit of the muscular septum in the 
morphologic left ventricle. In Case 5, the morphologic right. 
ventricle was hypoplastic, and the defect was anterior to the 
trabecula septomarginalis, that is, was subaortic. In Case 6 the. 
defect was again subaortic and anterior to the trabecula sep- 
tomarginalis. 

Disposition of the coronary arteries: As in the 32 hearts 
with corrected transposition, the coronary arteries demon- 
strated the anatomy peculiar to the ventricles. In Case 1, both 
coronary arteries originated from separate ostia in the left. 
posterior aortic sinus; in the remaining five cases, the origin. 
and distribution were as anticipated for A-V discordance. 

Disposition of the conducting tissues: A detailed de- 
scription of the conducting tissue of Case 1 has appeared. 
elsewhere.!^ The distribution is essentially similar to that in 
congenitally corrected transposition, and the A-V (pene- 
trating) bundle is intimately related to the atretic pulmonary 
valve ring. 

The greater degree of septal alignment in these hearts may 
permit communication from a posterior node, and gross ex- 
amination of the heart in Case 6 suggests that this arrange- 
ment may be present. To date, only the heart in Case 5 has. 
been examined histologically and, although both anterior and 
posterior nodes were present, the penetrating bundle origi- 
nated from the anterior node only. 4 

Atrioventricular valves: Ebstein's anomaly of the tri- 
cuspid valve was observed in Case 4, and this valve was dys- 
plastic in Case 5. In Cases 2, 3 and 5, dysplasia was seen in. 
either the tricuspid component of a common A-V valve or the 
tricuspid valve itself. Case 4 also had a dysplastic mitral valve 


Anatomic Data of 6 Autopsy Hearts With Atrioventricular Discordance and Pulmonary Atresia (Variant Cases of 


Corrected Transposition) 








VSD 
“Sealed” by 
Case Age — Coronary 
no. (days) Sex Situs VSD AMS TV Tricuspid Valve PFO/ASD PDA Arteries Remarks I 
1 2 M | 0 0 0 N + + Both from Microscopic VSD detected on À 
2 ostia in sectioning the heart. Hypo- 
left sinus plastic morphologic left 
ventricle. R. duct. L. liga- 
mentum arteriosum 
2 3 M S A-V 0 0 Dysplasia of tri- A-V canal + N Total anomalous pulmonary 
canal cuspid component venous drainage. Hypoplastic 
of common A-V morphologic right ventricle 
valve 
3 6mo M S + V-B 0 0 Dysplastic medial + + N Mitral-tricuspid continuity 
foramen cusp passes through VSD. Mild subaortic 
through VSD obstruction due to accessory 
tricuspid valve tissue 
4 13 F | + 0 0 Ebstein * + N Mitral valve regurgitation | 
malformation " 
55.20 F S + 0 O Dysplasia + + N Hypoplastic morphologic 
right ventricle 
6 7 F S + 0 0 Dysplasia + + N ? Posterior A-V connection sug- © 


gested by gross examination 





AMS = aneurysm of membranous septum; ASD = atrial septal defect; A-V = atrioventricular; duct. = ductus; | = situs inversus: L. = left; M= 


male; N = normal; PDA = patent ductus arteriosus; PFO = 
ventriculobulbar; VSD = ventricular septal defect. 
+ = present; O = absent. 
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patent foramen ovale; R. = right; S = situs solitus; TV = tricuspid valve; V-B = 
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^ with short thickened chordae tendineae attached to a large 
- single papillary muscle in the lateral wall of the morphologic 
- left ventricle. 


! Comment 


These six hearts may be considered to represent a 
variant of congenitally corrected transposition, but 
because the ventricular origin of only one great artery 

was identified, we preferred to exclude them from the 
. description of that disorder. 
= The range of malformations in these six specimens 
- accords with that described in congenitally corrected 
transposition, with the exception of hypoplasia of the 
- morphologic right ventricle. Our measurements indicate 
that this chamber may be relatively small in corrected 
- transposition, but hypoplasia did not occur. Although 
_ Subjects with corrected transposition ranged in age from 
infancy to 51 years, the oldest of those with pulmonary 
atresia was 6 months old. Whereas in congenitally cor- 
- rected transposition the prevalence rate of defects of the 
ventricular septum was 78 percent, all hearts with pul- 
monary atresia had a ventricular septal defect, although 
one was evident only at microscopic examination. 
. Similarly, in corrected transposition, the prevalence rate 
- of defects of the atrial septum and patency of the ductus 
- arteriosus was 477 and 35 percent, respectively; all hearts 
- with pulmonary atresia exhibited both anomalies. 


For these reasons, we consider that A-V discordance 
with pulmonary atresia represents an even greater 
surgical challenge than congenitally corrected trans- 
position of the great arteries. 


Addendum 


Since completion of this communication, Mr. W. P. 
Cleland replaced the morphologic tricuspid valve with 
a Starr-Edwards mitral prosthesis in a 24 year old 
woman with corrected transposition. Her only “asso- 
ciated" anomaly was severe regurgitation of the left A-V 
valve. The operation was performed at Hammersmith 
Hospital; the patient made an uneventful recovery. 
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Candida Myocarditis Without Valvulitis 


k 


- WILLIAM G. FRANKLIN, MD Thirty-one patients with systemic candidiasis at postmortem examination 


ARTHUR B. SIMON, MD were found to have Candida involvement of the myocardium without 
. THOMAS M. SODEMAN, MD valvulitis. Retrospective examination of their clinical course demonstrated 


that a new conduction disturbance was seen in 10, supraventricular ar- 
rhythmias in 5, QRS changes mimicking myocardial infarction in 3, and 
2 pronounced T wave changes in 13. Hypotension or shock was seen in 13 
patients and could not be explained by coexistent bacteremia or blood 
loss in 8. One patient died suddenly. Of 19 patients with systemic candi- 
diasis without myocardial invasion, 4 had minor T wave changes and one 
had a supraventricular arrhythmia. Candida invasion of the heart signifi- 
cantly complicates the clinical course in systemic candidiasis and should 
: be suspected when a young person without preexistent heart disease has 
E cultures positive for a Candida organism, a significant arrhythmia, con- 
X duction disturbance or other dramatic QRS change. The effect of therapy 
on Candida invasion of the heart is unknown. 


Ann Arbor, Michigan 


» Involvement of the heart by Candida organisms is being recognized more 

: often than in the past. Although Candida endocarditis on prosthetic 
heart valves has received the most attention,! direct involvement of the 
myocardium by Candida organisms without cardiac valve involvement 
has received little attention. The recognition of complete atrioventricular 
(A-V) block secondary to an abscess of the interventricular septum 
caused by Candida albicans reported from this institution? prompted 
an analysis of the problem of Candida myocarditis without valvulitis. 


Methods 


Autopsy protocols for the years 1959 to 1974 at the University of Michigan 

Medical Center were examined for evidence of systemic candidiasis. From 

January 1959 through August 1972 only slide material was available for reex- 

amination. From September 1972 through December 1974, each case of systemic 

candidiasis was reviewed with particular attention to involvement of the myo- 

cardium. All cases were then assigned to either Group I, those with myocardial 

| involvement, or Group II, those without such involvement, as determined mi- 
croscopically. Cases in which myocardial involvement was coexistent or secon- 
1 dary to involvement of the valves were excluded. In verified cases the clinical 
course, serial clinical cardiac observations, electrocardiograms, chest roent- 

genograms and autopsy material were assessed. The pathologic material was 

reviewed with specific attention to (1) distribution of mycotic lesions in the heart, 


From the Departments of Internal Medicine (2) extent of involvement of other organ systems, and (3) underlying illness. 
- (Section of Cardiology) and Pathology, University 

of Michigan Medical Center, Ann Arbor, Mich. Results 

“Manuscript received May 19, 1975; revised Group | (Cases With Myocardial Involvement) : 


manuscript received February 25, 1976, accepted 


March 24, 1976. ^ e ; x ; à š ; 
Address for reprints. Arthur B. Simon, MD, Thirty-one patients with Candida involvement of the heart were iden 


Heart Station, University Hospital, Ann Arbor, tified. Twenty cases were noted in the 14 years from 1959 through 1972, 
-Mich.*48 109. à and 11 additional cases in the 2 years from 1973 through 1974 (Table I). 
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There were 20 male and 11 female subjects. The mean 
age at death was 35 years. 

Associated cardiac disease: Three patients had 
cardiac disease before the terminal illness. One had 
hypertensive heart disease with left bundle branch 
block and an old myocardial infarction at autopsy. A 
second patient had rheumatic heart disease and had a 
mitral valve prosthesis 2 weeks before death. At post- 
mortem examination the prosthesis and adjacent 
myocardium were free of infection but focal myocardial 
abscesses were noted. Blood cultures were positive for 
Candida, but the source of the infection was unknown. 
Neither patient had a new conduction disturbance or 
arrhythmia during the terminal illness. One other pa- 
tient had Libman-Sacks involvement of the mitral valve 
at autopsy. Two patients were receiving digitalis and 
had mild T wave abnormalities consistent with use of 
this agent. No electrolyte or acid-base disorders coin- 
cided with the appearance of the electrocardiographic 
abnormalities. 

Predisposing illness: Most patients had been 
chronically ill for several months before the terminal 
illness. More than half the patients spent part or all of 
the terminal illness in an acute care facility where con- 
tinuous monitoring was carried out. Almost all had 
multiple indwelling intravenous catheters at the time 
of death. Antibiotic agents were being given to 27 pa- 
tients and antineoplastic drugs to 9; 16 were receiving 


TABLE I 


Age at Death, Underlying Condition and 
Organism Recovered 


Group Il 
(Without 
Group ! Myo- 
(Myocarditis) carditis) 
(no. =31) (no. = 19) 
Age at death (yr) 
<1 4 1 
1—21 6 5 
22—65 19 13 
>65 2 ^ 
Mean 35 39 
Underlying condition 
Blood dyscrasias 10 9 
Solid tissue neoplasm 2 Pd 
Postabdominal operation 6 1 
Postthoracotomy 1 "^ 
Body burn 2 4 
Neonatal disease (respiratory distress 
syndrome, failure to thrive) 2 X 
Mediastinitis unm 1 
Enterocolitis 1 2 
Protein-losing enteropathy 1 ae 
Disseminated lupus erythematosus 1 1 
Hyperalimentation 1 
Amyloidosis 1 ; 
Multiple sclerosis 1 
Cirrhosis 1 
Hemophilia 1 
Diabetes mellitus, renal transplanta- 
tion 7 1 
Candida organism cultured (any site) 
Candida albicans 21 15 
Candida tropicalis 5 Pe 
Species not specified 5 4 
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corticosteroids; 11 had undergone a major operative | 


procedure within 2 months of death; 6 had had a minor - 


operative procedure (peritoneal dialysis, arterial shunt, - 


skin graft, among others) within 1 month of death. Ten - 
patients had blood dyscrasias such as leukemia or 


aplastic anemia; two had solid tissue neoplasm and two - 


had body burns. Three infants had neonatal illnesses — 


(enterocolitis, malabsorption syndrome) (Table I. 


Severe hypotension or shock complicated the clinical 


course in 13, but in 5 no bacteremia was present. In six - 
patients with shock, neither bacteremia nor blood loss - 


was present at the time of shock. One patient died 


| 


4 


| 


suddenly and unexpectedly. Other modes of death in- — 
cluded renal and hepatic failure, gastrointestinal - 


hemorrhage and central nervous system lesions. 
Electrocardiographic findings: An electrocardi- 


"rut ow 


ogram was obtained in 22 patients during the terminal - 
illness. That of only one patient, a neonate, was entirely — 
normal. Thirty-nine distinct electrocardiographic ab- - 
normalities were seen in the remaining 21 patients — 
(Table II). T wave abnormalities were the most com- - 
monly encountered change and were often dramatic, | 


acute in onset and evolutionary. A major new intra- 
ventricular or A-V conduction disturbance was seen in - 


PN 


10 patients (excluding the patient with old left bundle | 
branch block), and 5 experienced supraventricular ar- i 
rhythmias; 3 patients had new QRS changes mimicking 


myocardial infarction. Despite the dominant left ven- - 


tricular myocardial involvement with either focal lesions - 
or multiple microabscesses in all patients, only one . 
patient had ventricular premature beats. 1 


Review of chest roentgenograms was not helpful in - 
defining the cardiac problems encountered. Most pa- 


- ~ 


tients had significant radiographically demonstrable 


TABLE II 


Electrocardiographic Findings * 








Group II 
(Without 
Group | Myo- 
(Myocarditis) carditis) 
Electrocardiographic Findings (no. = 31) (no. = 19) 
1 No electrocardiogram available during 
acute illness 9 
2 Normal 1 4 
3 T wave abnormalities 13 4 
4 Supraventricular arrhythmia 5 1 
5 Left bundle branch block 2 -— 
6 Nonspecific intraventricular conduc- 
tion delay 2 — 
7 QRS changes (without S-T elevation) 
mimicking anterior myocardial 
infarction 3 — 
8 1^ A-V block 2 E 
9 Complete A-V block 1 — 
10 Left anterior fascicular block 1 — 
11 Right bundle branch block with left 
anterior fascicular block 1 — 
12 Premature ventricular contractions 1 -— 
13 Right bundle branch block 1 E 





*Only new electrocardiographic findings are noted. Twenty-two 
patients in Group | had electrocardiograms curing the terminal ill- 
ness. The abnormalities are not mutually exclusive. . 
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pulmonary disease; however, because portable radio- 


graphic equipment was frequently used, estimation of 
heart size and changes in pulmonary vascularity were 
difficult to assess. 


Group Il (Cases Without Myocardial Involvement) 


Nineteen patients with systemic candidiasis without 
myocardial involvement were identified according to 
the following criteria: positive ante- or post-mortem 
blood cultures, or microscopic identification of typical 
organisms located in major organs, excluding the res- 
piratory tract, gastrointestinal tract and urinary blad- 
der. The underlying illness, age of patient at death, and 
the organism recovered were comparable with findings 
- jn Group I (Table I). There were 10 male and 9 female 
subjects. The mean age at death was 39 years. 

Of the available electrocardiograms 40 percent were 
completely normal, a distinct difference from findings 
in Group I. Only one major arrhythmia, a transient 
episode of atrial flutter with variable block, was noted. 
This occurred 2 weeks before death. No other arrhyth- 
mia or major conduction defect occurred in this group. 
Two of the four patients with minor T wave changes 





FIGURE 1. Section of left ventricle with multiple gray nodules (arrows) 
. representing Candida myocardial abscesses. 


* 


were receiving digitalis; no reason could be found for the 
minor T wave changes in the other two. 


Pathologic Findings 


Necropsy demonstrated myocardial abscesses in all 
31 cases of Group I. In only seven were gross lesions 
evident. These consisted of palpable nodules randomly 
distributed in either ventricle, although most prominent 
in the left ventricle (Fig. 1). Depending on the age of the 
lesion, these consisted of 3 to 15 mm white to yellow 
nodules; in two cases a hyperemic border was evident. 
A fibrinous pericarditis in various stages of organization 
was present in 10 cases. In five cases, Candida yeast 
forms were found. 

Histologic examination demonstrated microcolonies 
of yeast cells forming pseudohyphal extensions in ra- 
diating patterns, best identified by silver-methenamine 
or periodic acid-Schiff reaction (Fig. 2). The extent of 
the inflammatory reaction varied—from complete ab- 
sence to well developed acute suppuration—depending 
upon the patient's underlying disease and immune and 
cell response capabilities (Fig. 3). The microcolonies 
infiltrated the endomesial interstitial tissue, spreading 





FIGURE 2. Left ventricular myocardium containing a microabscess 
stained with silver-methenamine to demonstrate. pseudohyphal ex- 
tensions of Candida. (Silver methenamine X 285, reduced by 28 per- 
cent.) 
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the myocardial fibers. The intervening myocardial fi- 
bers exhibited coagulative necrosis; in some cases, de- 
pending upon the inflammatory response, central li- 
quification necrosis formed an abscess. Invasion into 
blood vessels by pseudohyphae occurred, as is com- 
monly found with aspergillus infections (Fig. 4). This 
invasion could, in turn, cause local thrombosis within 
the arteriole itself, or result in progression of the in- 
flammatory process by embolization of the organisms 
to other areas of the myocardium. Inflammation was 
restricted to the focal lesion and diffuse myocarditis was 
not found. 

The distribution of lesions to the right or left heart 
chambers was random, as expected with a septicemic 
origin, with localizations in mural, epicardial and sub- 
endocardia! foci. In one case abscesses caused by Can- 
dida organisms were found in the conduction sys- 
tem.” 

In only one case were Candida abscesses restricted to 
the myocardium and systemic involvement not evident. 
Focal lesions were present in the kidneys (19 cases), 
gastrointestinal tract (12 cases), lungs (14 cases), brain 
(6 cases), liver (6 cases), and thyroid (4 cases). A gas- 
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FIGURE 3. Myocardium containing a microabscess. A lymphocytic and 
plasma cell response to proliferating Candida organisms is evident. 
Coagulative necrosis of myocardial fibers is present at the margins of 
the abscess. (Hematoxylin-eosin X 120, reduced by 28 percent.) 





trointestinal lesion was found in 21 of the 31 cases. 
Candida forms were found as either mycotic plaques or 
within ulcerative processes. 

In 19 of 24 cases with postmortem blood cultures 
Candida yeast forms were demonstrated. 


Discussion 


Incidence: Candida involvement of the heart is fre- 
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quently noted at postmortem examination in patients 


with systemic candidiasis.^-? Of interest is that Candida 


myocarditis had not been described in the era before the © 


extensive utilization of antibiotic and immunosup- 


pressive agents in clinical practice.? There does not 


appear to be any doubt that the frequency of Candida 


infections is increasing, particularly in patients with 
blood dyscrasias.*? 

The reported prevalence of cardiac involvement with 
Candida organisms in patients with systemic candidiasis 
varies; recent reviews indicate that at least 10 percent" 


and possibly 63 percent of patients? have cardiac in- - 


volvement. Our data are consistent with the higher 


figure; 31 of 50 patients (62 percent) at our institution - 


with systemic candidiasis had myocardial involvement - 
at postmortem examination. Heretofore, the clinical 


significance of this involvement was unknown because 





FIGURE 4. Intramural coronary artery with Candida pseudohyphal in- 
growth. No inflammatory reaction is present in this patient with im- 


mune-suppression. (Hematoxylin-eosin X 100, reduced by 28 per- 
cent.) . 
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there has been no detailed analysis of the clinical course 
of these patients. Our data indicate that major con- 


- duction disturbances and clinically significant ar- 
. rhythmias result from this involvement. 


Cause of hypotension and shock: There are three 


_ possible explanations for the hypotension observed in 


E 


. our patients. It may have been due to endotoxic shock 


| from coexistent bacteremia. Septicemia was thought to 


- be present in several patients, but shock often occurred 


: in the absence of gram-negative bacteremia. Although 


- raw 


itis possible that hypotension could have resulted from 


myocardial invasion causing localized or generalized 


impairment of myocardial contractility, this origin 
seems unlikely because most patients had small or even 


only microscopic areas of myocardial involvement. The 
clinical absence of pulmonary edema also makes this 


_ explanation unlikely. It is more likely that hypotension 


resulted from the release of an endotoxin-like material 
from the Candida organisms, causing a syndrome pa- 


_ thophysiologically similar to bacteremic endotoxic 
- shock. 


Several studies!?-!? have demonstrated that Candida 


— Species possess a material similar to bacterial endotoxin 


capable of producing clinical findings similar to those 


- of bacteremic endotoxic shock. It would appear that 
- substantially greater quantities of the fungal product 


than the bacterial product are necessary to produce a 


similar reaction.!? 


Clinical Implications 
Our patients differ markedly in all respects from 


those with Candida endocarditis after intracardiac 


operative procedures.! Only one of our patients had an 


- antecedent cardiac operation. None had new murmurs, 
gallop sounds, signs of pulmonary edema or embolic 
phenomena. More than half were immunologically 


— compromised, either by their primary illness or by 
- therapy for it. Nineteen of 31 patients with myocardial 


yw 


involvement were receiving either corticosteroids or 
antineoplastic agents or both; 27 were receiving one or 
more antibiotic agents before recovery of the Candida 


organism. 


Although it is not uncommon to recover Candida 


species from hospitalized patients (0.8 percent of all 


as tat el — << % E Pe FIERET EAE 


specimens submitted to one bacteriology laboratory!?), 
systemic candidiasis is implicated in very few cases. The 
death rate in patients with Candida septicemia with 
systemic candidiasis approaches 100 percent. In our 
series, as in others, the patients came from many dif- 
ferent services of a general hospital; many had in- 
dwelling urinary and intravenous catheters and many 
had received blood transfusions and had minor or major 
operative procedures. 

The electrocardiographic changes described are in no 
way specific for Candida myocarditis and are similar to 
those described by Fine et al.!? in a review of electro- 
cardiographic changes in myocarditis of any origin. 
Their study also demonstrated that fever as such rarely 
caused even subtle electrocardiographic changes. 

Treatment and diagnosis: Only two patients in this 
serles were treated for systemic candidiasis, and one 
received only 6 mg of Amphotericin B before death. In 
a third patient the decision to institute therapy was 
made just before death. The rarity of premortem diag- 
nosis and timely treatment is surprising because 22 
patients had positive sputum, blood or wound cultures 
during their hospital course. The difficulties of selecting 
treatment for patients with positive cultures for Can- 
dida species have been outlined by several au- 
thors.!.14.15 

Myocardial involvement with the Candida organism 
should be strongly considered when a patient with 
positive blood, urine or sputum culture for Candida has 
a major intraventricular or A-V conduction defect, new 
QRS changes or an arrhythmia. In fact, with only one 
exception these new electrocardiographic changes were 
found to be specific for this. New T wave changes in the 
absence of digitalis appear to be a sensitive but less 
specific indicator of myocardial Candida involvement. 
Inasmuch as ischemic heart disease, electrolyte dis- 
turbances, acid-base disorders and some drugs may 
produce some of the electrocardiographic changes seen 
here, the degree of suspicion for Candida myocarditis 
in the patient with systemic candidiasis should be 
greatest when electrocardiographic changes are seen in 
the younger patient without preexistent heart disease 
or other known causes of the electrocardiographic ab- 
normalities. 
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Twenty-three patients with infective endocarditis received intramuscular - 


clindamycin (Cleocin) for treatment. Thirteen had acute Staphylococcus 


(S.) aureus endocarditis but none had involvement of the aortic valve. 
Eleven of these 13 infections were heroin-related and involved the tri- 
cuspid valve. Twenty-one patients were successfully treated. Two patients 


~ 


with heroin-related S. aureus infection failed to respond to intramuscularly — 


administered clindamycin, but responded to retreatment with methicillin. 


There have been 34 additional reported cases of endocarditis treated with | 
clindamycin. Although 80 percent of all cases due to staphylococci re- — 


sponded favorably, almost all were heroin-related tricuspid valve infec- 
tions. In addition 91 percent of cases due to aerobic streptococci re- 


sponded but, surprisingly, treatment failed in three of four cases of an- . 


aerobic endocarditis. Although clindamycin can be useful in streptococcal i 


endocarditis and in some cases of heroin-related S. aureus tricuspid en- 


docarditis, caution should be exercised in its use. It is “less” bactericidal 


than the penicillins or cephalosporins, and organisms have become re- 


sistant during treatment. Furthermore, patients with anaerobic endocarditis 


have not responded well, and data are not available to recommend ad- 


ministration of clindamycin for acute S. aureus infections engrafted on 
the aortic or mitral valve. 


In recent years, alternate antibiotic agents were shown to be effective 


for the treatment of infective endocarditis in patients who could not be © 


given penicillin. Clindamycin (Cleocin$), a bactericidal antibiotic that 
Is not cross-reactive with the penicillins or cephalosporins, is a derivative 
of lincomycin produced by the chemical replacement of a 7-chloro group 


for the 7(R) hydroxyl group of lincomycin.! In vitro studies showed this — 


agent was four to eight times more active than lincomycin against 
staphylococci and streptococci (excluding enterococci) and also dem- 


onstrated that it was more active against penicillin-resistant staphylo- ' 
cocci than the penicillinase-resistant penicillins.?? Recent reports of — 


drug-related pseudomembranous colitis have limited use of clindamycin . 


to treatment of severe anaerobic infections outside the central nervous 
system caused by Bacteroides (B.) fragilis and some staphylococcal in- 
fections in the patient allergic to penicillin.* 

A preliminary report by our group” suggested that clindamycin might 
be an effective alternate to penicillin for treatment of endocarditis, and 
Bente and Jackson? confirmed its potential value. Subsequently, cases 
were reported'-!? in which clindamycin was effectively utilized in the 
therapy of infective endocarditis, but other reports!!-!4 indicated that 
it was not uniformly successful. 

This paper reports the results of intramuscular clindamycin therapy 


in 23 patients with infective endocarditis treated since 1969 and rexime 


34 other reported cases. A 
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Materials and Methods 


Patients: Twenty-three patients with a diagnosis of in- 
. fective endocarditis were treated with intramuscularly ad- 
 ministered clindamycin. Of these, four were allergic to peni- 
- cillin, five had veins inadequate for prolonged intravenous 
"therapy and four were responding poorly to conventional 
_ therapy. In some patients treatment with other antibiotic 
agents was begun and later discontinued in favor of clinda- 
 mycin therapy when results of cultures and in vitro studies 
- became available. 
—. Nineteen of the patients were male and four female; the 
mean age was 38 years (range 4 to 71 years). Twelve of the 23 
_ patients had preexisting valve disease; in these 12 the usual 
. clinical criteria for endocarditis plus the presence of two or 
- more positive blood cultures were required for inclusion in the 
study. Seven of the 12 had rheumatic heart disease, all with 
mitral valve involvement alone; 2 had congenital heart disease 
(1 patent ductus arteriosus and 1 tetralogy of Fallot); the re- 
 maining 3 had mitral valve disease as a result, respectively, 
- of prior acute pseudomonas endocarditis, Barlow’s syndrome 
„and arteriosclerotic heart disease. Causative organisms in this 
_group of 12 patients included Streptococcus viridans (6 cases), 
"Staphylococcus (S.) epidermidus (1 case), S. aureus (2 cases), 
-nonhemolytic streptococcus (1 case), beta streptococcus (1 
- case) and B. fragilis (1 case). The latter patient had an asso- 
- ciated liver abscess. 
Eleven patients, all heroin addicts, had acute S. aureus 
endocarditis engrafted upon a previously normal tricuspid 
valve. Diagnosis was made using criteria similar to those de- 
fined by Menda and Gorbach.? These included (1) persistent 
‘bacteremia, (2) cardiac murmur present on admission or de- 
veloping during treatment, (3) temperature higher than 
.88.3?C on admission, and (4) evidence of embolization to 
Jungs, kidneys, digits or conjunctiva. Five had radiographic 
-evidence of coexistent septic pulmonary emboli. One had 
septic arthritis of the knee and sternoclavicular joints; another 
had involvement of the sternoclavicular joint alone. 
— Treatment regimens: Clindamycin was given intramus- 
-cularly in doses of 450 to 600 mg every 6 to 8 hours for 4 to 8 
weeks with five exceptions. One, a 4 year old child, received 


4 * 


TABLE I 


only 100 mg every 8 hours for 3 weeks after an allergic reaction 
to cephalothin. Another, a heroin addict, had been treated for 
only 3 weeks when she left the hospital against medical advice. 
The third received a second course of clindamycin for 6 weeks 
after a relapse that occurred after an earlier course of 32 days 
of treatment. In the remaining two therapy was discontinued 
at 2 weeks, in one because failure of clindamycin was sus- 
pected and in the other because of an allergic reaction at- 
tributed to clindamycin. 

Each patient was examined and questioned daily for ad- 
verse effects such as skin rash, diarrhea and painful injection 
sites. Serial liver function tests, renal function tests and he- 
matologic profiles were obtained. 

Antimicrobial susceptibility tests and bactericidal 
serum titers: The minimal inhibitory concentration (MIC) 
and minimal bactericidal concentration (MBC) of clinda- 
mycin for each causative endocarditis organism was deter- 
mined by the two-fold dilution technique. One cc of 10-? 
dilution of an 18 hour culture in trypticase soy broth was used 
as the inoculum. The MIC was defined as the lowest con- 
centration of clindamycin that inhibited visible growth of 
bacteria after 18 hours of incubation at 37? C. The MBC was 
defined as the highest dilution from which no more than 50 
colonies grew after 0.01 ml was subcultured onto 10 percent 
sheep's blood agar and incubated overnight. 

Bactericidal titers of serum were determined from each 
patient during treatment using a method similar to that de- 
scribed earlier. Trypticase soy broth was used as the diluent 
with an inoculum of approximately 10? organism of an 18 
hour culture. 


Results 


Of the 23 patients, 21 were cured; the other 2, both 
heroin addicts with S. aureus, had a recurrence of the 
infection. One was given another course of clindamycin 
for 6 weeks and again had a recurrence. Both patients 
were subsequently cured with intravenous treatment 
with methicillin, 12 g/day for 6 weeks. After the recur- 
rence, both organisms were still susceptible to clinda- 
mycin. 
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Outcome Comments 
Failure Penicillin allergy; failure with cephalothin; 
cure with nafcillin after desensitization 
Cured Penicillin allergy; failure with cephalothin; 
hepatotoxicity due to clindamycin 
Failure Penicillin allergy; cure with penicillin G 


Failure (3); cured (10); 


allergic reaction (1) 


Summary of Reported Cases of Bacterial Endocarditis Treated With Clindamycin 
no. of 

Authors Organism Cases 
Tuazon and Sheagren!? S. aureus 1 
Elmore et al.? S. aureus 1 
" 
-Garriques and Duma’? S. viridans 1 
[Menda and Gorbach’ S. aureus 14 
| S. viridans 1 
-Keane and Rose '? S. pneumoniae 1 

Hinthorn et al.'? S. aureus 
S. viridans 


S. epidermidus 
Microaerophilec streptococci 


= CO eS A) — 


Peptostreptococcus 
Bente and Jackson? S. aureus 
Watanakunakorn!* S. aureus 


i 


MIC = minimal inhibitory concentration. 
e e 


^ 


after desensitization 

Cephalothin produced cure in one patient, 
failed in two others who later had cure 
with clindamycin (one patient after two 
6 week courses) 


Cured 

Cured Penicillin allergy; required elective pros- 
thetic valve replacement 

Cured 

Cured | 

Cured Hepatotoxicity due to clindamycin 

Failure $ 

Failure Tenfold increase in MIC after relapse 


Failure (1); cured (7) 
Failure 


930 December 1976 The American Journal of CARDIOLOGY Volume 38 


Mb." 


Organism resistant after relapse 
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In four cases, response was inadequate to conven- 
tional antibiotic therapy and treatment with clinda- 
mycin was begun. All four patients were cured. One 
patient with S. aureus engrafted on the mitral valve 
failed to respond after 7 days of administration of 
cefazolin. Within 72 hours after clindamycin was ini- 
tiated, the patient was afebrile. Another, a heroin addict 
with a methicillin-sensitive S. aureus tricuspid endo- 
carditis, had a poor clinical response as well as positive 
blood cultures after 9 days of intravenous methicillin 
therapy given in a dose of 12 g/dgy. He promptly re- 
sponded clinically arid bacteriologically to clindamycin 
therapy. As we reported elsewhere,!° a patient with 
penicillin-resistant (MIC 0.8 ug/ml) Streptococcus vi- 
ridans endocarditis responded to clindamycin after 
failure of therapy with intravenously administered 
ampicillin in a dose of 12 g/day given together with in- 
tramuscularly administered streptomycin, 1 to 2 g/day 
for 6 weeks. The organism was susceptible to clinda- 
mycin (MIC 0.024 ug/ml). The fourth patient, with 
B. fragilis endocarditis, was responding poorly to 
chloramphenical when treatment with clindamycin was 
initiated, resulting in prompt resolution of fever and 
negative blood cultures. Surgical drainage of a solitary 
liver abscess on the 9th day of therapy may account in 
part for the success of clindamycin in this patient. 

Clindamycin therapy discontinued in favor of 
other antibiotic agents: Discontinuation of clinda- 
mycin therapy was required in two patients. In one, a 
pericardial effusion developed on the 20th day of clin- 
damycin therapy. Although blood cultures were nega- 
tive at the time, clindamycin was stopped and therapy 
was completed with penicillin G for 16 days. Later 
studies demonstrated that the effusion was due to M. 
tuberculosis rather than to clindamycin failure.!9 

The other patient with an atopic history manifested 
skin rash and eosinophilia believed to be secondary to 
clindamycin. Because of this, the planned 30 day course 
of therapy was completed using cephaloridine and 
gentamycin for the final 16 days. The patient was afe- 
brile and blood cultures were negative when clinda- 
mycin was discontinued. 

Side effects: In two instances, the intramuscular 
mode of administration was changed to the intravenous 
route for completion of therapy because the patients 
complained of painful injections. On examination of 
injection sites, there was minimal erythema and indu- 
ration. In all other cases, the intramuscular route was 
well tolerated. No hematologic or hepatic dysfunction 
was encountered. Since no patient complained of diar- 
rhea, proctoscopy was not performed to assess the 
presence of pseudomembranes. 

A summary of other reported cases of endocarditis 
treated with clindamycin is contained in Table I. Table 
II lists the cumulative percent of our cases plus those 
previously reported to be cured with clindamycin. 

Antimicrobial activity and bactericidal activity 
in serum: All causative organisms isolated had minimal 
inhibitory and minimal bactericidal concentrations for 
clindamycin of 0.8 ug/ml or less. The minimal inhibitory 
concentration of clindamycin for all streptococci and 
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TABLE II 


Cumulative Percent of Cases of Bacterial Endocarditis 
Cured With Clindamycin 


Organism Total Cures % 
Staphylococci 40 32 80 
Streptococci 12 11 91 

(aerobic) 
Anaerobes 
Penicillin-sensitive 3 0 25 


— 
— 


Penicillin-resistant 


staphylococci was 0.1 ug/ml or less; for one anaerobe, B. 
fragilis, it was 0.156 ug/ml. | 
Using the regimens of clindamycin as described, peak 
serum bactericidal titers 8 to 1,024 times the minimal — 
inhibitory concentration for each causative organism 
were obtained in all cases. In two cases failing to respond © 
to clindamycin administration, peak bactericidal titers 
64 to 512 and trough titers 16 to 32 times the minimal. 
inhibitory concentration for the infecting organism were - 
achieved. 


Discussion 


Although penicillin G or a semisynthetic penicillin 
is the antibiotic of choice for infective endocarditis when — 
the organism is susceptible, antiobiotic therapy for 
patients allergic to penicillin presents a difficult ther- 
apeutic problem. In addition, severely scarred veins of 
heroin addicts may require intramuscular administra- 
tion of an antibiotic agent. In recent years, both clin- - 
damycin (Cleocin®) and cefazolin have been utilized 
with some success in these situations. 

Clindamycin versus other antibiotics: Generally 
a bactericidal antibiotic drug is deemed necessary for - 
treatment of infective endocarditis and clindamycin is 
“less” bactericidal than penicillin G, the semisynthetic 
penicillins and the cephalosporins but more bactericidal 
than its parent compound lincomycin.!" In this study, 
the minimal inhibitory and minimal bactericidal con- 
centrations of clindamycin for each causative organism 
plus serum inhibitory and bactericidal titers were sim- 
ilar. Others have noted differences in inhibitory and 
bactericidal measurements with clindamycin, which has 
slow bactericidal action.!!!4 Our bactericidal end point 
of less than 50 persistors differs from that of others,!* 
who regard less than 5 persistors as the end point. This 
difference may account for the failure of two patients 
in our series with S. aureus endocarditis to respond to 
clindamycin despite adequate serum bactericidal ti- 
ters. 

Using an animal model of endocarditis in rabbits,! - 
Sande and Johnson!? demonstrated that clindamycin 
could not sterilize aortic vegetations infected with- 
penicillin-sensitive S. aureus and noted that cefazolin 
was more effective than penicillin G. Such experimental 
animal results are difficult to relate to our data. Many 
cases of S. aureus endocarditis are due to penicillin- 
resistant organisms and involve only the tricuspid valve 
in heroin addicts. Such cases are associated with a better 
prognosis than those not related to heroin abuse, which 


e 
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usually engraft on the aortic valve.?? For example, of our 


13 cases, 11 were heroin-related and all involved only 
the tricuspid valve. T'wo patients with underlying heart 
disease had S. aureus endocarditis and neither had an 
infected aortic valve. One had a patent ductus arteriosus 
with pulmonary stenosis and the other mitral insuffi- 
ciency. Furthermore, failure of cefazolin has been re- 


ported in patients with heroin-related S. aureus tri- 


cuspid endocarditis.?'.?? Some strains of staphylococci 


can degrade cefazolin by production of a beta lacta- 


. mase.?! These strains can be identified in vitro by using 
a high level of innoculum of organisms, that is, (107) 


= 


rather than (105).?! We previously reported cefazolin 


- failure in one patient with endocarditis caused by such 
an organism,?! and a similar “inoculum effect" was 


present in one patient in this series responding poorly 


_ to cefazolin. He subsequently was treated successfully 


- 


with clindamycin. 
Potential problems and adverse effects: A po- 


 tential clinical problem with clindamycin is develop- 


ment of resistance, which can occur after rapid passage 


of staphylococci in cultures containing the antibiotic.?? 


- We did not encounter this problem, but Watanaku- 
- nakorn!* recently described a patient with S. aureus 
 endocarditis who failed to respond with clindamycin. 


The organism was clindamycin-resistant at relapse. Also 
some anaerobic organisms, usually sensitive to clinda- 


mycin, have become resistant. Salaki et al.?^ described 


two patients with bacteremia due to clindamycin-re- 


- sistant B. fragilis, and Hinthorn et al.!? reported clin- 
 damycin failure in endocarditis due to a penicillin- 
sensitive peptostreptococcus that became resistant 
- during therapy. 


Adverse reactions reported with clindamycin such as 


colitis and hepatotoxicity were not encountered in our 
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cases. Many factors including the young age of our pa- 
tients, absence of underlying disease and the intra- 
muscular route of administration may have been im- 
portant. Colitis is more common in older debilitated 
patients? and occurs more frequently with oral rather 
than parenteral administration.?9 Further studies are 
necessary to determine if the intramuscular route of 
administration may be less toxic than the intrave- 
nous. 

Review of previously reported cases: There have 
been reported 34 additional cases of infective endo- 
carditis treated with clindamycin. Although data were 
not always available to evaluate completely the involved 
valve or route of administration, 25 cases were due to 
S. aureus. Of these, the majority were heroin-related and 
involved only the tricuspid valve. Combining these re- 
ports with our cases, 80 percent of cases due to staphy- 
lococci and 91 percent of those secondary to aerobic 
streptococci were cured. Surprisingly only one of four 
due to anaerobes was cured. Even though overall cure 
rates for staphylococcal and aerobic streptococcal en- 
docarditis with clindamycin are similar to those re- 
ported for the cephalosporins,” clindamycin should be 
used cautiously. 

Our data suggest that clindamycin has a limited but 
valuable use in selected cases of infective endocarditis, 
particularly as an alternate in penicillin-allergic patients 
with S. aureus tricuspid endocarditis when intramus- 
cular administration is necessary. Caution is required 
in its use for mitral or aortic valve endocarditis. 
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Amiodarone, administered orally in doses of 200 to 600 mg/day, was 
remarkably effective in the treatment and prevention of a wide variety 
of atrial and ventricular arrhythmias. Total suppression and control was 
provided in 98 (92.4 percent) of 106 patients with supraventricular ar- 
rhythmias and in 119 (82 percent) of 145 patients with ventricular ar- 
rhythmias. The rates of total control of the arrhythmia were: 96.6 percent 
in 30 patients with recurrent atrial flutter or fibrillation, 96.6 percent in 59 
patients with repetitive supraventricular tachycardia, 100 percent in 27 
patients with Wolff-Parkinson-White syndrome and 77.2 percent in 44 
patients with recurrent ventricular tachycardia unsuccessfully treated 
with other drugs. Excellent results were obtained in 6 of 8 patients with 
repetitive ventricular tachycardia and ventricular fibrillation related to 
postinfarction ventricular aneurysm and in 12 of 14 patients with ven- 
tricular extrasystoles and ventricular tachycardia related to Chagasic 
myocarditis. Amiodarone proved safe in patients with severe congestive 
heart failure and severe myocardial damage. Its clinical efficacy was 
related to its electrophysiologic properties and to two unique properties: 
its wide safety margin and its cumulative effect. The latter liberates pa- 
tients from a rigid hourly schedule and provides for continuous antiar- 
rhythmic control, days and even weeks after treatment is discontin- 
ued. 


In a previous paper,! we reported the usefulness of amiodarone in con- 
trolling tachyarrhythmias associated with the Wolff-Parkinson-White 
syndrome. The drug was subsequently shown to have similar efficacy 
in a variety of atrial and ventricular arrhythmias. In this paper we 
present results obtained in 252 patients, including several with disabling 
or life-threatening arrhythmias or arrhythmias resistant to other an- 
tiarrhythmic agents. The properties of the drug underlying its clinical 
efficacy as well as side effects and contraindications are emphasized. 


Material and Methods 


'Two hundred fifty-two patients with persistent or recurrent supraventricular 
or ventricular arrhythmias were studied. They were classified into six groups 
according to their primary arrhythmia (Tables I to VI). Ninety-eight patients 
had previously been treated unsuccessfully with various antiarrhythmic agents 
(Tables I, II, V and VI); in 154 patients, amiodarone was the first antiarrhythmic 
drug given. Each episode of arrhythmia was studied with long electrocardio- 
graphic tracings and, when needed for diagnostic purposes, atrial electrograms 
(22 cases), His bundle electrograms (6 cases), atrial pacing (6 cases) and ven- 
tricular pacing (8 cases). 

Amiodarone* is a benzofuran derivative that shares some structural simi- 
larities with thyroxine (Fig. 1). The pharmacologic effects have been summarized 
in previous papers.?? Essentially, amiodarone increases coronary blood flow, 
reduces myocardial oxygen consumption without significantly affecting cardiac 
output, causes an atropine-resistant bradycardia and antagonizes the effects 
of catecholamines and sympathetic stimulation without capsing competitive 
beta adrenergic receptor blockade.” 


*Amiodarone (generic name) was kindly supplied by Laboratorios Roemmers, Buenos 


Aires, for this study, and was originally discovered and manufactured by Services de Re- . 


cherche Labaz, Brussels. 
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TABLE I ; 
Repetitive Atrial Flutter and Fibrillation: Treatment With Amiodarone in 30 Cases 





Previous Treatment 
Results With BIETEN DUMP Ea EAL RA SE SF ES dub aN AR T 


Amiodarone Q D 8B Proc A L DPH 


Cases CES TOTT R TS a ee ane Oe oe, ieee a v: 
Diagnosis (no.) G Pino) Q |.P..G..R. G P .G P.^'G.. BP Oc ORC Our M 


m 


Wolff-Parkinson-White syndrome 7 
No heart disease 6 
Arterial hypertension 5 
Coronary insufficiency plus 4 
arterial hypertension E 
Mitral insufficiency * eee eee eee oes ose eee cee eee cee " 
Chronic Chagasic myocarditis 
Pulmonary embolism 
Chronic hiatus hernia 
Chronic bronchitis 
Hypothyroidism 
Diabetes 
Undetermined 
Total 


AON 
E 


O ———————— 
cere yet PL s 3 
"X unm v 


ek ek ee, Toro Viet Seal eA re 
1 21 


C2 


A = ajmaline; 8B = beta blocking agents; D = digitalis; DPH = diphenylhydantoin; E = excellent; G = good; L = lidocaine; P = poor; Proc = 
procainamide; Q = quinidine. - | 


TABLE II 
Repetitive Supraventricular Tachycardia: Treatment With Amiodarone in 59 Cases 





Previous Treatment 





Results With 
Amiodarone Q D BB Próc 
Cases Cases tO a AE Ra MATE" "UNA D. — a ae 
Diagnosis (no.) E G P (no.) G P G P G P G P 
Wolff-Parkinson-White syndrome 20 20 : 13 1 9 1 3 1 6 2 
Lown-Ganong-Levine syndrome 3 3 e. 2 1 1 1 sa 1 1 
Cardiomyopathy 5 4 1 2 ees 1 ett 1 ett 
Chronic Chagasic myocarditis 1 1 e. e. e. ett ett 
Coronary insufficiency 4 4 2 1 ett 1 
Arterial hypertension 5 5 E 1 tee 1 
Valvular heart disease 2 1 1 1 1 
No heart disease 16 16 E 8 4 2 2 5 
Undetermined 3 3 ILL ett. 3 2 2 2 
Total 59 57 1 1 32 





Bt = beta blocking agents; D = digitalis; E = excellent; G = good; P = poor; Proc = procainamide; Q = quinidine. 


TABLE IV 
Miscellaneous Arrhythmias: Treatment With Amiodarone 
TABLE III -in Eight Cases 
Atrial Extrasystoles: Treatment With Amiodarone in Results With 
10 Cases Amiodarone ^ 
Results With Amiodarone Cases : 
ho AD REO RORGCDC MEN VOS Diagnosis Arrhythmia (no. E G P. 
AT Cases M o —————————— ác 
Diagnosis (no.) E G P Undetermined Chronic atrial flutter decoris oni T 
Arterial Chronic atrial tachycardia 1 1 MESE 
No heart disease 3 3 hypertension with A-V Wenckebach y 
Severe arterial hypertension 3 2 ets 1 block 
Coronary insufficiency plus 1 1 . Undetermined Junctional rhythm with qi oe ro 1 
arterial hypertension Wenckebach exit block 
Mild arterial hypertension 1 ets 1 da Chronic Chronic atrial fibrillation 1 1 
plus chronic hiatus hernia Chagasic with high ventricular 
Diabetes 1 ett dL 1 myocarditis response 
Coronary insufficiency 1 1 E etr Undetermined Sinus tachycardia 4 4 coe fee 
Total 10 7 1 2 Total 8 6 1 1 
E = excellent; G = good; P = poor. A-V = atrioventricular; E = excellent; G = good; P = poor. 
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ps 


- AMIODARONE Treatment protocol: Amiodarone was administered orally 
in a dose of 200 (one tablet) to 800 mg/day, in a single or di- 
vided dose according to patient preference. The most common 
initial dose was 600 mg/day; when the desired antiarrhythmic 
AP ex 2e 2,5 effect was obtained, usually after 4 to 8 days of treatment, the 
| | H CH,N ST dose was reduced to the minimum that would keep the patient 

i 1 C.H free of arrhythmia, generally 200 to 400 mg/day. Treatment 
0 Z7 5C, Hg 2 5 and follow-up periods ranged from 15 days to 3 years (average 


of 17 months). In 53 patients, administration of amiodarone 
was discontinued for 2 days every week or 1 week every month 


l 2-butyl, 3-(4, diethylaminoethoxy, 3 , 5'- to assess whether this interruption of treatment was com- 
k Ate ( y, d patible with continuous control of the arrhythmia. In eight 
|diiodo, benzoil)benzofuran hydrochloride. patients with daily episodes of supraventricular tachycardia, 
i treatment was deliberately interrupted (and reinstituted) 
, FIGURE 1. Structural formula of amiodarone. several times in order to evaluate the persistence of the an- 
TABLE V 


Persistent Ventricular Extrasystoles: Treatment With Amiodarone in 101 Cases 





Previous Treatment 








Results With 
i Fer RerOne Q D 6B Proc L DPH 
i Cases Cases 23 ore  JQ-clcc- eae Um aci SON RT eA 
| Diagnosis (no) E G P ino) G P G P G P G P G P G P 
. Chronic Chagasic myocarditis 24 21 1 2 6 ett 1 ee y. 3 1 1 1 2 
_ No heart disease Ths ake ee 5 7 5 1 ett 1 3 1 dE 
- Cardiomyopathy 138^ 12 1 ZEE 1 t et 1 XT 
- Coronary insufficiency 19. Aia. Sa sae, 1 1 Are 1 ett 1 
_ Acute myocardial infarction 4 4 1 d. «e Se 1 eas ta 
_ Postmyocardial infarction 3 3 1 1 T JE 1 E 
ventricular aneurysm 
. Arterial hypertension 8 7 1 2 1 1 1 
- Hyperthyroidism 4 ae 4 1 e. 
Chronic cor pulmonale a^» 
— Diabetes 1 1 et 
— Posterior mitral leaflet dysfunction Loe 1 
= Mitral-aortic disease 1 PS a s 
— Undetermined 2 1 u Eh 1 P$. xs We SEM a TEC ass AD ^ pi e 2: v^ es ARTS 
. Thyroid adenoma with norma! function 1 Wigs rim e ROC Wee wa. aeu d aeg. une 1 eee 1 Uae ters Ska N- 1 
Total 101 85 5 11." 22 





— BB =beta blocking agents; D = digitalis; DPH = diphenylhydantoin; E = excellent; G = good; L = lidocaine; P = poor; Proc = procainamide; Q = 
quinidine. 


Ihre 


TABLE VI 
Repetitive Ventricular Tachycardia: Treatment With Amiodarone in 44 Cases 


7 








Y Results With Previous Treatment 
Amiodarone 
Q D 6B Proc L DPH 
Cases Cases armen Tein a tne ke Np Wan on mro me 

Diagnosis (no.) E G P (no) -G P G P G P G P G P G P 
— Postmyocardial infarction 8 6 MEAT. Bi veo vu s 1 E 1 6 y. 7 4 
^. ventricular aneurysm iB BS). eos CT) 
_ Chronic Chagasic myocarditis 14 12 2 PA 6 1 2 2 2 2 1 
— Cardiomyopathy 7 6 vee 1 3 etn 1 1 1 1 1 1 
| Hypertensive heart disease 5 2 2 1 1 see 1 EE 1 E 
_ Acute myocardial infarction 3 3 di 2 1 ett et 1 1 
_ Coronary insufficiency plus 2 1 1 2 1 2 1 1 1 1 
. arterial hypertension 
R Diabetes and gall bladder disease 1 1 1 1 
— Chronic renal insufficiency 1 1 e. 
— Mitral-aortic disease with complete 1 1 1 1 
— A-V block fa) -0*) 
— Hypothyroidism 1 1 dE 1 1 1 1 1 1 

Undetermined 1 e. 1 ore e. oe * 
Total 44 34 5 5 23 
(75) (6*) (1*) 


*Patients with repetitive ventricular fibrillation. 8B = beta blocking agents; D = digitalis; DPH = diphenylhydantoin; E = excellent; G = good; ° 
L = lidpcaine; P = poor; Proc = procainamide; Q = quinidine. 
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tiarrhythmic effect. Findings in these patients were compared 
with data obtained from similar analyses in eight patients who 
discontinued treatment spontaneously. 

Forty-two patients presenting the most severe arrhythmias 
with or without atrioventricular (A-V) or intraventricular 
block were continuously monitored in the intensive care unit 
during the first days. The remaining patients were treated on 
an ambulatory basis. In 17 patients with advanced A-V or 
intraventricular block, treatment with amiodarone was started 
only after implantation of a temporary demand pacemaker. 
This served both to prevent possible complications and to 
permit study of the effects of the drugeunder such conditions. 
In 51 patients with isolated bundle branch block, the drug was 
administered without previous insertion of a pacemaker. In 
25 patients with life-threatening arrhythmias, the treatment 
was started simultaneously with the administration of an 
antiarrhythmic drug of rapid action (Table VIT); use of the 
latter was interrupted when the arrhythmia was controlled 
with amiodarone. In 47 patients an attempt was made to 
correlate at weekly intervals the antiarrhythmic action with 
. the changes in ventricular repolarization caused by the drug, 
and with the presence of corneal microdeposits, observed 
through a slit-lamp microscope. 

Grading of therapeutic response: Response to the ad- 
ministration of amiodarone was classified as excellent, good 
or poor, according to whether the drug caused, respectively, 
total suppression of the arrhythmia, a reduction of 50 percent 
or more in frequency of occurrence of arrhythmia or a reduc- 
tion of less than 50 percent. However, the evaluation varied 
according to whether the- patients had repetitive tachyar- 
rhythmias or persistent extrasystoles. Since almost all epi- 
sodes of paroxysmal tachyarrhythmia were clearly symp- 
tomatic, total suppression in these cases was judged present 
when the patient stated that the episodes had ended, and this 
judgment was verified in the group of patients treated and 
monitored in the intensive care unit. To quantitate the effect, 
the total number of tachyarrhythmic episodes occurring the 
month before and after administration of the drug were 
counted and compared. By contrast, because continuous 
electrocardiographic tape recording was unavailable, and 
because patients with persistent extrasystoles were commonly 
unaware of the arrhythmia, these patients were accepted for 
entry into the study only when all tracings of 5 minutes' du- 
ration recorded at weekly intervals for 4 weeks showed at least 
10 extrasystoles/min. The effect of the drug was judged ex- 
cellent when no extrasystole occurred in four similar weekly 
tracings recorded the month after initiation of treatment, good 
when the total number of extrasystoles similarly counted 
decreased by more than 50 percent and poor when the number 
was reduced by less than 50 percent. 


Results 
Supraventricular Arrhythmias 


Supraventricular arrhythmias showed the greatest 
sensitivity to the drug. Thus, these arrhythmias were 
totally suppressed in 98 of 106 patients (92.4 percent), 
only 5 patients (4.7 percent) showing a poor response 
to amiodarone. The drug's efficacy was even more re- 
markable in the following subgroups. Recurrent par- 
oxysmal atrial flutter or fibrillation was totally sup- 
pressed in 29 of 30 patients (96.6 percent) (Table I). 
During the month preceding treatment, 24 of these 30 
patients had 720 episodes of tachyarrhythmia (average 
30 episodes, range 2 to 140), and the other 6 had con- 
tinuously recurring short and uncounted episodes. In 
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the 29 successful cases, the total incidence was reduced 
to 0 during the month after the initial 4 to 8 day period 
of treatment. Total suppression occurred also in 57 of- 
59 patients with repetitive supraventricular tachycardia 
(Table II). In the month before treatment, 54 of these 
59 patients had 965 episodes of tachyarrhythmia (av- 
erage 17.8 episodes, range 1 to 80), and the other 5 had - 
continuously recurring and uncounted episodes. Total 
suppression occurred in all 27 patients (100 percent) 
with tachyarrhythmias related to the Wolff-Parkin- 
son-White syndrome (Tables I and II). In the month 
before treatment, 25 of these 27 patients had 351 epi- 
sodes (average 14, range 1 to 60), and the other 2 had 
continuously recurring episodes. In 19 of these 27 cases, 
amiodarone blocked anterograde conduction in the. 
anomalous bundle, causing normalization of the QRS- 
complex. The 89 patients in these three groups had had 
paroxysmal arrhythmia for 1 to 53 years (average 12 
years); 13 patients had had the arrhythmia for at least 
5 years, and 34 for at least 10 years. However, complete 
control of the arrhythmia was maintained during the. 
entire follow-up period (1 to 36 months, average 16 
months), provided that the correct dosage of the drug 
was also maintained. Amiodarone was less effective in 
treatment of simple atrial extrasystoles (Table III). 


Ventricular Arrhythmias 


Amiodarone produced excellent results in 119 of 145 
patients (82.0 percent) with ventricular arrhythmias 
and poor results in only 16 (11.0 percent) (Tables V and 
VI). It was in this group that the drug proved most 
valuable, because it included the sickest patients with 
the most dangerous arrhythmias. Thus, amiodarone 
caused total suppression and control of recurrent ven- 
tricular tachycardia in 34 of 44 patients (77.2 percent) 
who had responded poorly to previous treatment with 
other drugs at usual therapeutic doses (Table VI). Of 
these 44 patients, 32 had continuously recurring epi- 
sodes of ventricular tachycardia during the week before 
treatment, and the other 12 had 274 episodes (average 
22.8, range 4 to 30) during the month before adminis- 
tration of amiodarone. Special mention must be made 
of the excellent results obtained in six of eight patients 
with repetitive ventricular tachycardia related to à 
postmyocardial infarction ventricular aneurysm and in 
six cases associated with recurrent ventricular fibrilla- 
tion. Despite the administration of lidocaine and other 
drugs (Cases 1 to 7, Table VII), seven of the eight pa- 
tients required repeated electric cardioversion to permit 
survival until amiodarone could provide total control 
of the arrhythmia. T'wo of these eight patients (Cases 
1 and 5, Table VII) underwent surgical resection of the 
aneurysm but had no reduction in episodes of ventric- 
ular tachycardia or fibrillation postoperatively. Of the 
six survivors at the time of discharge, 1 died suddenly 
2 months later, 15 days after abandoning treatment; 
another died 18 months later of mediastinal carcinoma. 
The other four are free of arrhythmia and doing well 
after 18 to 26 months (average 23 months) of follow-up 
study. . : 
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TABLE VII 


: Combined Treatment in Dangerous Arrhythmias in 25 Cases 
e ————————————M MM LL LLL 


| 


- Case 


no. Arrhythmia 
E- 
| 1 Repetitive 
E VT and VF 
3 2 Repetitive VT 
5 
_ 3 Repetitive 
T VT and VF 
|. 4 Repetitive 
E VT and VF 
| 
d 5 Repetitive 

VT and VF 
- 6 Repetitive 
pt VT and VF 
—.7 VT,VFI, VF 
E 
K 8 Repetitive VT 
i 
E 
(9 VT, VE 
3 
..10 Repetitive VT; 
EC multifocal VE 


41 Multifocal VE 


Multifocal VE; 
repetitive 
í PAT,PAFI,PAF 


mE 
R 
N 


ot 
Co 


Multifocal VE 


V8 OTE Jur T 
. Zo. T . 


=à 
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Repetitive VT 


= m 
O1 


Multifocal VE 


LE 
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VT; multifocal VE 


TUEBCUEY 


D 
— 
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VT; multifocal VE 


me 
pen 3 
oo 


VT; multifocal VE 


a8 


mw 
Pu. 


VT; multifocal VE 


i 


"Em 
© 


ha 


VT; multifocal VE 


i. 
E 

p. 
po 
Lm 


Repetitive 
VT and VF 
Multifocal VE 


Multifocal 
VE, PAF 
PAFI, PAF, VF 





PAFI 


Clinical Status 
and Diagnosis 


Cardiogenic shock*; 
postinfarction 
ventricular aneurysm 

CHF; cardiogenic shock; 
postinfarction ventric- 
ular aneurysm 

CHF; postinfarction 
ventricular aneurysm 

Postinfarction 
ventricular aneurysm 


Cardiogenic shock*; 
postinfarction 
ventricular aneurysm 

Cardiogenic shock*; 
postinfarction 
ventricular aneurysm 

Postinfarction ventricular 
aneurysm; diabetic 
acidosis; septic shock 


Cardiomegaly +++; old 
posterior infarction; 
AH 


Old anterior and posterior 
myocardial infarction; 
postinfarction angina 

AH; old anterolateral 
myocardial infarction; 
repetitive pulmonary 
and systemic embolism 

CHF; cardiomegaly ++++; 
cardiomyopathy 

Cardiomegaly ++; CHF; 
cardiomyopathy 


Cardiomegaly +++; CHF; 
cardiomyopathy 

Complete A-V block; 
cardiogenic shock* 

Cardiomegaly ++++; com- 
plete A-V block; Ch.Myo 

CHF; cardiomegaly ++; 
Ch.Myo 

Cardiomegaly +++; 
Ch.Myo 


CHF; cardiomegaly +++; 
hepatic and renal 
insufficiency; Ch.Myo 


CHF; cardiomegaly ++++; 
hepatic and renal 
insufficiency; Ch.Myo 


CHF; cardiomegaly ++; 
Ch.Myo 

Complete A-V block; mi- 
tral valvulopathy; AH 

Severe chronic cor 
pulmonale 

Severe chronic cor 
pulmonale 

Cardiogenic shock*; 
WPW syndrome 

CHF; mitral insufficiency 


Drugs Initially Used 
With Amiodarone 





L Q Proc DPH 6B 


+* 


Other Procedures 


+ (in 50 
instances) 


+(in15 , 
instances) 


* (in6 
instances) 

* (in 5 
instances) 


* (in 21 
instances) 


* (in 3 
instances) 


* (in8 
instances) 


* (in4 
instances) 


+— 


Days 
Required 
for Total 
Control 


D Cardioversion OD of Arrhythmia 


4 


3 
7 
2 
2 

10 (good); 


45 (excel- 
lent) 


C € CO WwW oa AY 


Follow-up 


2 years, alive 


56 days (cardio- 
genic shock) 


18 months, alive 


18 months $ 
(mediastinal 
carcinoma) 

$(1 day after 
aneurysmectomy) 


2 years, alive 


2 months$ (SCD 
15 days after dis- 
continuing treat- 
ment) 

15 days (SCD 8 
days after discon- 
tinuing treat- 
ment) 

14 months, alive 


2 years, alive 


1 year, alive 


15 days (massive 
pulmonary embo- 
lism) without 
arrhythmias 

1 month, unknown 


2 months, unknown 

1 year, alive 

1 year, alive 

17 months, alive 

12 days © (hepatic 
and renal insuf- 
ficiency) without 
arrhythmias 

20 days® (hepatic 
and renal insuf- 
ficiency) without 
arrhythmias 

18 months, alive 

18 months, alive 

2 months, unknown 

15 months, alive 


3 years, alive 


6 months, alive 


e a a a a a EE ETAT eet ES 1. CH PNE ee DA 
- *Excellent result for ventricular extrasystoles only; TExcellent result for all the arrhythmias; *Cardiogenic shock was related to the arrhythmia; 

Died; + = excellent result; — = poor result; ++ = moderate; +++ = severe; ++++ = extreme. 
_ AH - arterial hypertension; A-V = atrioventricular; 8B = beta blocking agents; CHF = congestive heart failure; Ch.Myo = chronic Chagasic myo- 
carditis; D = digitalis; DPH = diphenylhydantoin; L = lidocaine; OD = overdrive pacing; PAF = paroxysmal atrial fibrillation; PAFI = paroxysmal 
atrial flutter; PAT = paroxysmaf atrial tachycardia; Proc = procainamide; Q = quinidine; SCD = sudden cardiac death; VE = ventricular extra- 
systoles; VF = ventricular fibrillation; VFI = ventricular flutter; VT = ventricular tachycardia; WPW = Wolff-Parkinson-White. 
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The results were also excellent in 12 of 14 patients 
with ventricular tachycardia related to Chagasic myo- 
carditis, and in 6 of 7 patients with ventricular tachy- 
cardia related to chronic nonspecific cardiomyopathy 
(Table VI). Excellent results were obtained in the con- 
trol of premature ventricular contractions in 21 of 24 
patients with Chagasic myocarditis, in 24 of 26 cases of 
ischemic heart disease and in 85 of a total of 101 patients 
(84.1 percent) with ventricular extrasystoles (Table V). 
The efficacy was slightly less for ventricular extrasys- 
toles occurring in patients with rto detectable heart 
disease. 

Serious life-threatening arrhythmias: Table VII 
summarizes the findings in a subset of 25 critically ill 
patients with serious arrhythmias who were given am- 
iodarone together with other antiarrhythmic drugs of 
rapid action, particularly lidocaine, and who were 
treated with cardioversion and overdrive pacing to 
permit survival until amiodarone became effective in 
controlling the arrhythmia. Since in all such cases the 
arrhythmias were of recent onset or had been docu- 
mented only at the time of admission, it is difficult to 
be certain that the excellent results were due to ami- 
odarone and not to the other antiarrhythmic drugs and 
maneuvers, or to the natural course of the disease. 
However, previous experience with similar patients in 
our coronary care unit before the introduction of ami- 
odarone, as well as the experience of others,^-!? suggests 
that amiodarone played an important if not an essential 
role in providing total control of the arrhythmias after 
the first few days of treatment. 


Persistence of Amiodarone Effect 


In 53 patients with repetitive supraventricular ar- 
rhythmias (29 cases) or persistent extrasystoles (24 
cases), discontinuation of administration of amiodarone 
for 2 days every week (47 cases) or 1 week every month 
(6 cases) revealed no evidence of recurrence of the ar- 
rhythmia. To assess with greater precision the persis- 
tence of the antiarrhythmic effect, treatment with 
amiodarone was deliberately interrupted several times 
and for variable periods in eight patients with daily 
episodes of supraventricular tachycardia. These pa- 
tients were evaluated together with eight similar pa- 
tients who had abandoned the treatment spontaneously 
and returned for consultation when the arrhythmia 
reappeared. Four of the 16 patients had taken 400 
mg/day of amiodarone for 30 to 45 days. In this group 
the repetitive arrhythmias reappeared 10 to 20 days 
after interruption of treatment. In the other 12, who had 
been taking a similar dose for several months, the 
therapeutic effect was maintained for up to 30 days (9 
cases) and even 45 days (3 cases) after discontinuation 
of amiodarone. When the tachyarrhythmias reappeared, 
the frequency of the episodes was initially much less, 
and it generally took an additional 10 to 15 days to reach 
the daily frequency documented before amiodarone was 
first administered. 


Side Effects 


Constipation and light skin rashes (photodermatosis) 
occurred in approximately 10 percent of the patients but 
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were never a cause for discontinuing treatment. Only 
2 of the 252 patients required interruption of treatment, 
one because of nausea and vomiting and one because of 
the occurrence of erythema nodosum. 

Corneal microdeposits: These deposits were doc- 
umented in all 47 patients who were examined for this 
condition. -Although the magnitude and time of ap- 
pearance were in general dose-dependent, in some pa- 
tients the microdeposits were initially detected after 14 
days and in others only after 4 months of treatment. 
Like other iodine compounds,!? amiodarone is excreted 
through the lacrimal gland and is deposited directly or 


TABLE VIII 


Conduction Disturbances: Treatment With Amiodarone in 
67 Cases 


Effects on 
Conduction 
Preexistent During 
Type of Cases Conduction Amiodarone 
Arrhythmia (no.) Disturbances Treatment 
Paroxysmal atrial 1 1° A-V block 
flutter and 2 | RBBB 
fibrillation 1 | RBBB-LAH 
1 Intermittent RBBB 
Paroxysmal 1 Intermittent RBBB- 
supraventricular LPH 
tachycardia | RBBB 
RBBB 
LAH 


Intermittent LBBB 
Intermittent LBBB- 
LAH 


Atrial 2 RBBB 
extrasystoles 


-—N) = = = 


Higher degree of 
RBBB (1) 


2° A-V block with 
Wenckebach 
periods 


Miscellaneous 1 


1° A-V block 

High degree A-V 
block 

1 Complete A-V 

block 

7 RBBB-LAH 

3 | RBBB-LAH et 

4 |RBBB RBBB (1); 2° A-V 

4 

2 


Ventricular 3 
extrasystoles 1 


RBBB block, Mobitz 
I (1) 

1° A-V block, 
permanent 
RBBB-LAH (1) 


Intermittent RBBB 


4 LAH 
1 | LBBB-LAH 
1 | LBBB 


Ventricular 2 Complete A-V 
tachycardia block 
1 High degree A-V 
block 
2 1° A-V block 
1 1° A-V block-LAH 
1 


Intermittent RBBB- Permanent RBBB- 


| LBBB e eis 
Intermittent RBBB Permanent RBBB 
Figures in parentheses indicate number of cases. 
A-V = atrioventricular; | = incomplete; LAH = left anterior hemi- 
block; LBBB = left bundle branch block; LPH = left posterior hemi- - 
block; RBBB = right bundle branch block.. ; 
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as a metabolite in the most superficial layers of the 


cornea.!?-?* A mechanical factor plays a role, because 
the deposits occur initially and predominantly in the 
lower third of the cornea, along the line where the upper 
border of the inferior eyelid makes contact with the eye. 
Accordingly, they less frequently invade the pupillary 
area and seldom cause subjective phenomena. Only 6 
of our 252 patients complained spontaneously of visual 
problems: blurred vision in 4 and colored vision in 2. It 


. is well established that the corneal microdeposits are 
. reversible!??1—5 although complete disappearance may 


take several months. Microdeposits did not occur in any 


of 13 children, aged 8 months to 15 years, receiving 
. amiodarone,?? probably because of the greater secretion 


. and faster circulation of the lacrimal fluid in children 


compared with adults. The microdeposits suggest that 
the drug may also be deposited in other body 


— tissues. ?3.26-29 


In 47 patients, the corneal microdeposits were cor- 


s related with therapeutic efficacy and with changes in 
- ventricular repolarization (bifid or bimodal T waves, 
- prominent U waves, prolonged Q-T interval) that 


3 


commonly accompany the administration of amiodar- 


A 





one.-?2? Although in many patients the three variables 
were dose-dependent and related to each other, the 
general correlation was poor. Thus, although some pa- 
tients with overt changes in ventricular repolarization 
and dense microdeposits had a poor therapeutic re- 
sponse, others had an excellent antiarrhythmic effect 
accompanied by an insignificant amount of microde- 
posits and practically no change in ventricular repo- 
larization. 

Effects on conduction and automaticity: Ami- 
odarone caused fur€her deterioration of conduction in 
6 (8.8 percent) of 68 patients with intraventricular or 
A-V block, or both (Table VIII). In general, this con- 
sisted of an increment in the degree of block in a pre- 
viously damaged fascicle. However, no case of complete 
A-V block was provoked by the drug. In three patients 
with such A-V block, amiodarone did not change the 
rate of the spontaneous idioventricular rhythm; this 
finding is consistent with previous data?! indicating that 
the drug does not significantly affect ventricular auto- 
maticity. Right bundle branch block developed in 2 
(1.09 percent) of the 184 patients without conduction 
defects. However, both patients had shown right bundle 


Control Control 
0 
0 
mV > 
m 
P. 100 
Amiodarone Amiodarone pi 
FIGURE 2. Electrophysiologic study of ventricular and Pur- 
^ kinje fibers of a rabbit heart, pretreated for 4 weeks with 
0 amiodarone, 100 mg/kg per day orally. A, left, transmem- 
brane action potential and dV /dt recorded from a ventricular 
mV mV fiber from a control animal and from another one receiving 
amiodarone. Action potential duration is 57 and 60 percent 
1006 — 100L = greater at 50 percent and 90 percent repolarization, re- 
TEL tee eee spectively, in the fiber of the animal pretreated with ami- 
| odarone. No significant difference occurs in the resting po- 
tential or in the amplitude of the action potential. Right, 
200 msec Toomset Purkinje fibers of the right bundle branch in the same two 
animals. A slight prolongation of the action potential duration 
B (14 percent at 50 percent repolarization) is the only differ- 
ence between the two fibers. B, left, depression of mem- 
brane responsiveness Caused by amiodarone in a ventricular 
200 300 (Ada fiber. The curves were obtained by premature stimulation at 
4 Control Bs ests oF +' different coupling intervals, delivered every 10 regular beats 
2 P a, >+ z 250 + at a basic cycle length of 800 msec. Right, the depression 
2 150 e. n à 2 Control 0t of membrane responsiveness is similar but quantitatively less 
© e * 2 200 S "ut important in a Purkinje fiber explored at a basic cycle length 
e Ts VN = a+ of 1,000 msec. Data in A and B are representative of results 
= 100 Eu ERES _, 150 m. obtained in 54 ventricular and 48 Purkinje fibers from 16 
= x gts Apron E Ae rabbit hearts, 8 pretreated with the same dose of amiodarone. 
2e + 'e v wu Since amiodarone has no direct effect when added to the 
a *° * = a . t N Amiodarone superfusant (standard Tyrode solution), the drug was ad- 
ec + 





70 
6 Membrane potential (mv) 


60 80 90 


940 





40 50 60 70 80 90 
Membrane potential (mv) 


ministered in vivo, as indicated, and the control tissues were 
from tissue of nontreated animals. The control and pretreated 
tissues showed results similar to those illustrated when both 
were studied in the same bath preparation. 
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branch block spontaneously 5 to 12 months before, thus 
indicating that amiodarone only uncovered a latent 
conduction disturbance.?? 

Practically all the patients under prolonged treat- 
ment manifested sinoatrial slowing, which was dose- 
dependent and proportional to the spontaneous heart 
rate.^903? In most patients, the sinus rate was main- 
tained at 55 to 75 beats/min. In 3 of the 252 patients 
amiodarone caused pronounced but still asymptomatic 
bradycardia (37 to 40 beats/min). The bradycardic ac- 
tion was useful in the treatment ef sinus tachycardia. 
In four patients with pronounced and symptomatic 
sinus tachycardia (120 to 160 beats/min), the heart rate 
was slowed and stabilized below 80 beats/min after 6 to 
10 days of treatment (Table IV). The drug was equally 
effective in 10 other patients with pronounced sinus 
tachycardia associated with other arrhythmias. 

Thyroid function: A molecule of amiodarone con- 
tains 2 atoms of iodine,!*:76 4.35 and the administration 
of 400 mg (a common daily dose) is equivalent to 148.8 
mg of iodine or 24 drops of Lugol solution. Because of 
this, amiodarone may uncover the existence of sub- 
clinical forms of both hypothyroidism and hyperthy- 
roidism.?9-?5 Symptomatic hypothyroidism developed 
in 2 of our 252 patients and symptomatic hyperthy- 
roidism in 2 others. 


Electrophysiologic Studies 


Singh and Vaughan Williams** reported that ami- 
odarone, administered intraperitoneally to rabbits in 
a dose of 20 mg/kg body weight daily for 6 weeks, caused 
a significant prolongation of the action potential du- 
ration in atrial and ventricular muscle without changes 
in the resting membrane potential and with a slight 
depressing effect on the maximal rate of depolarization. 
They therefore classified amiodarone as having a class 
III antidysrhythmic action,??:4? which they attributed 
to prolongation of the action potential. Because no other 
electrophysiologic studies have been reported, we give 
here the following preliminary data from studies now 


100% 
80% 
60% 
s ^ 40% 
FIGURE 3. Comparative effects of amiodarone 
on different types of arrhythmias. Percent of re- 
sults is indicated at left; numbers over bars indi- 
cate number of cases. White bars (E) = excellent 202 
results; hatched bars (G) = good results; solid 
bars (P) — poor results. AE — atrial extrasystoles; 
M — miscellaneous; PAF — paroxysmal atrial fi- 
brillation; PAFI = paroxysmal atrial flutter; PAT = 0 


paroxysmal atrial tachycardia; VE = ventricular 
extrasystoles; VT = ventricular tachycardia. 
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under way in our laboratory: (1) amiodarone prolongs 
the action potential duration of atrial and ventricular 
fibers and to a lesser degree of Purkinje fibers of rabbit 
and canine hearts, without changing the resting po- 
tential (Fig. 2A). (2) Itdiminishes the maximal rate of 
rise of the action potential (Fig. 2A) and slows conduc- 
tion velocity. (3) It depresses membrane responsiveness 
(Fig. 2B). (4) It does not significantly depress the 
spontaneous diastolic depolarization of Purkinje fibers. 
(5) It has a strong antifibrillatory action. | 
After ligation of the anterior descending coronary 
artery at its origin, amiodarone prevented the occur- 
rence of ventricular fibrillation in all 10 pretreated dogs 
receiving orally 10 to 40 mg/kg daily for 1 to 4 weeks, 
whereas ventricular fibrillation occurred in 7 of 8 un- 
treated animals. Five of the pretreated animals had no. 
ventricular extrasystoles after ligation; four had isolated 
and transient ventricular extrasystoles 2.5 to 40 minutes. 
after ligation, and brief episodes of transient ventricular 
tachycardia developed in one dog. By contrast, seven. 
of the eight control dogs manifested multiple ventricular. 
extrasystoles that rapidly degenerated into ventricular 
tachycardia and ventricular fibrillation 5 to 11 minutes 
after ligation. | 


Discussion 


Antiarrhythmic Effects 


Our results confirm previous data?52141-43 indicating 
that amiodarone effectively controls, with minimal 
toxicity, atrial and ventricular arrhythmias in a variety 
of clinical conditions, including severe congestive heart 
failure and complicated forms of acute myocardial in- 
farction. This efficacy was more readily demonstrated 
in a large series of patients with symptomatic repetitive 
tachyarrhythmias, who themselves clearly and uni- 
formly reported total suppression of the episodes. Most 
such patients had had a long history of repetitive 
tachyarrhythmia which apparently concluded after 
treatment with amiodarone. Furthermore, in 16 patients 
with daily episodes of tachyarrhythmia, interruption 
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of treatment was followed by recurrence of the ar- 
rhythmia after various periods of time, and reinstitution 
of treatment was again followed by total control of the 
arrhythmia. Becase continuous electrocardiographic 
tape recording was not utilized, it was more difficult to 
evaluate the effect of amiodarone in patients with per- 
sistent ventricular extrasystoles. Although we docu- 
mented a remarkable reduction in the frequency of 
premature beats, we cannot be certain that total sup- 
pression was attained. However, our similar results in 
patients with both repetitive tachyarrhythmias and 
persistent extrasystoles (Fig. 3) suggest that the sup- 
‘pressive effect of the drug in patients with ventricular 
extrasystoles was at least highly significant. 
—. Comparison with other antiarrhythmic drugs: It 
is difficult to establish valid comparisons of the efficacy 
of different antiarrhythmic drugs because criteria for 
selection of patients and evaluation of drug effects may 
vary according to the reported series. Nevertheless, the 
high percentage of excellent results shown in Figure 3 
‘suggests that amiodarone compares favorably in ther- 
apeutic efficacy with quinidine,?44-4^9 procainamide,^- 
44-46,49,50 lidocaine,54451-54 propranolol?^4455-57 and 
diphenylhydantoin*: :44,58-60 and appears to be superior 
to all of them in versatility, tolerance and simplicity of 
‘dose scheduling. A more direct comparison made among 
our own patients revealed that amiodarone provided 
total control and protection in 93 of 98 patients with 
recurrent disabling or dangerous supraventricular ar- 
rhythmias (53 cases) and ventricular arrhythmias (45 
cases), whereas the other drugs mentioned, used singly 
or in different combinations, yielded only a poor re- 
sponse. 

Ventricular arrhythmias related to postinfarc- 
tion ventricular aneurysm: Postinfarction ventricular 
aneurysm may be accompanied by recurrent episodes 
of ventricular tachycardia and fibrillation, implying a 
bad or ominous prognosis. These episodes are extremely 
resistant to antiarrhythmic drugs,!?-!? and surgical 
resection of the aneurysm has been performed with 
various degrees of success.!?-!? Table VI shows that 
amiodarone provided total control in six of eight pa- 
tients with such arrhythmias. Although there was no 
control group, the well known poor prognosis in similar 
cases!’ indicates that the drug played an important role 
in treatment. We have since learned that the initial 
administration of 1,000 to 1,500 mg/day of amiodarone 
may increase effectiveness of the drug and reduce to 
only 48 hours the time needed to develop its antiar- 
rhythmic action. 

— Ventricular arrhythmias in chronic Chagasic 
myocarditis: Chagasic myocarditis causes frequent and 
multifocal ventricular premature beats,4 which may 
degenerate into ventricular tachycardia or ventricular 
fibrillation, precipitating the sudden death commonly 
reported in this disease. Since these arrhythmias occur 
often in the presence of extensive intraventricular block, 
severe congestive heart failure and a greatly dilated 
heart, most antiarrhythmic drugs are ineffective and 
even dangerous. Therefore, it was surprising to us that 
amiodarone could be so effective and safe in treating 
ventricular extrasystoles and preventing the recurrence 


of ventricular tachycardia in patients with Chagasic 
myocarditis (Tables V and VI). Chagasic myocarditis 
can be taken as a clinical model providing possibly the 
most demanding conditions under which an antiar- 
rhythmic drug can be tested. Two reasons may account 
for the unexpected efficacy and safeness of amiodarone 
under such unfavorable conditions: the lack of a sig- 
nificant negative inotropic effect and the potent anti- 
fibrillatory action. 

Tachyarrhythmias associated with the Wolff- 
Parkinson-White syndrome: In a previous report,! we 
have shown the usefulness of amiodarone in controlling 
the tachyarrhythmias associated with the Wolff-Par- 
kinson-White syndrome in 11 patients, and compared 
its effect with that of other drugs. Our experience has 
now been extended to 27 such patients and has again 
shown a 100 percent rate of efficacy (Tables I and II). 
No matter how favorable the surgical results may be,9-? 
our results show that surgery is unnecessary when am- 
iodarone can be administered to patients with this 
condition. 


Properties of Amiodarone 


Three main properties appear to determine the use- 
fulness of amiodarone as an antiarrhythmic agent: (1) 
electrophysiologic properties; (2) the drug's capacity for 
storage in the body and its cumulative effect; and (3) the 
lack of significant toxicity, which allows a wide margin 
of therapeutic dosage. Which electrophysiologic prop- 
erty is mainly responsible for the antiarrhythmic effect 
will probably be open to debate for some time. However, 
because many other drugs with comparable, different 
or even opposite electrophysiologic properties are also 
potent antiarrhythmic agents but less successful clini- 
cally, we believe that the electrophysiologic properties 
may be less decisive for the clinical effectiveness of 
amiodarone than the other properties to be dis- 
cussed. 

The cumulative effect: Amiodarone is variably 
absorbed from the intestinal tract and is well retained 
by the body, with a very slow rate of elimination.?9 Ex- 
cept for digitalis, most antiarrhythmic drugs now used 
are rapidly metabolized and excreted, have a short 
half-life, have a brief or ephemeral effect and must be 
administered at regular brief intervals. None of this is 
true of amiodarone. Although the half-life of the drug 
is still undetermined, it has been estimated that 30 days 
after its administration is discontinued the body con- 
centration has diminished by only 16 to 34 percent.?9 

In 67 of our patients who had daily arrhythmias, 
amiodarone, at a dose of 400 to 600 mg/day, took 4 to 8 
days to attain its therapeutic effect. When in 16 of these 
patients the administration of the drug was interrupted, 
it took a much longer time for the effect to disappear, 
and this interval was dose-dependent and related to the 
total time of previous treatment. Persistence of the 
antiarrhythmic effect for 10 to 20 days and even up to 
30 and 45 days was not uncommon, and this long-term 
effect coincided with a similarly prolonged persistence 
of the electrocardiographic changes caused by the drug,” 
and with a prolonged persistence of the corneal micro- 
deposits. Whatever the mechanism, this property con- 
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tributes greatly to the clinicial usefulness of amiodarone 
because it liberates patients from submission to a rigid 
hourly schedule and provides them with an apparently 
more continuous and sustained antiarrhythmic pro- 
tection than is afforded by other drugs. It is worth 
mentioning that the electrophysiologic properties can 
be studied for many hours even though the Tyrode so- 
lution bathing the tissue (of pretreated animals) con- 
tains no drug, thus suggesting that amiodarone may be 
firmly bound to some receptor in the myocardial cells 
from which it dissociates only at aevery slow rate. This 
may preclude the wide fluctuations in the tissue levels 
of the drug that characterize other antiarrhythmic 
drugs.5.15.52,59 

The wide safety margin: Most antiarrhythmic 
drugs have a rather narrow therapeutic ratio (relation 
between the lethal [LDso] and therapeutic dose)!5; and 
classic drugs like quinidine and procainamide may kill 
by provoking ventricular fibrillation, even at thera- 
peutic doses, if administered to patients with a severely 
damaged heart. Whereas the LDso of quinidine and 
procainamide is approximately 2.5 times the thera- 
peutic dose,9^5? the LD5o of amiodarone is more than 
10 times the therapeutic dose when the drug is given 
intravenously,® and there is practically no lethal dose 
when it is administered orally.5? In practical terms, this 
means that it is impossible to kill an animal with an 
acute dose of orally administered amiodarone. In ad- 
dition, the absence of other significant toxic effects 
explains the great safety with which amiodarone can be 
given to patients in large doses for long periods of time. 
This wide safety margin is at least partially related to 
the antifibrillatory action of the drug. From our clinical 
and experimental experience, it appears that ventricular 


-- 
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fibrillation is unlikely to occur in the presence of suffi- - 
cient premedication with amiodarone. 

From experimental studies on the canine heart, it- 
appears that amiodarone has little negative inotropic 
effect. In this respect, our clinical study was even more 
reassuring. The response of patients with severe con- 
gestive heart failure clearly indicated that amiodarone 
lacked any significant negative inotropic effect. 


Side Effects and Contraindications 


The most 1mportant undesirable effect of amiodar- 
one is the occurrence of corneal microdeposits. However, 
these deposits seldom cause ocular symptoms, are to- 
tally reversible and can be diminished or prevented by | 
the use of eyedrops containing metilcelulose?? or so- 
dium-iodine heparinate.!??? The most relevant question. 
concerning them is whether they can cause irreversible 
damage although this has never been reported. The 
widespread European use of amiodarone as an antian- 
ginal agent for 10 years!%.2!,26,30,39.65 and the absence of 
reported late ill effects on the eye allow us to be opti- 
mistic, but every effort should be made to settle this 
point conclusively. 

The most important contraindication is the presence 
of intraventricular or A-V block, a contraindication 
shared with other antiarrhythmic drugs such as quini- - 
dine,44+48 procainamide**49^? and even lidocaine.’??.51_ 
Because amiodarone does not appear to depress ven- 
tricular automaticity as do the other drugs, its use is- 
apparently safer. However, any one of these drugs, when — 
greatly needed, can be given to patients with conduction - 
disturbances, provided a temporary artificial pacemaker 
is inserted. 
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A relationship of coronary arterial spasm to variant angina pectoris, 
subendocardial ischemia, major ventricular arrhythmias and myocardial 
infarction has been demonstrated. In 29 patients, spasm was angio- 
graphically observed in normal-appearing coronary arteries (7 patients) 
as well as superimposed on various degrees of coronary atherosclerotic 
obstruction (22 patients). All patients experienced an atypical anginal 
syndrome; 16 patients also experienced typical exertional angina. Cor- 
onary spasm appeared to be a major contributory factor in eight occur- 
rences of myocardial infarction and in 11 incidents of ventricular tachy- 
cardia, ventricular fibrillation and heart block. 

Coronary spasm in the 29 cases was distributed in the following fashion: 
left main trunk, 6 cases; right main trunk, 12 cases; proximal left anterior 
descending artery, 13 cases; proximal circumflex artery, 1 case; distal 
left anterior descending artery, 1 case; and distal circumflex artery, 2 
cases. In 5 cases coronary spasm was noted at multiple sites. 

In contrast to findings in patients manifesting only typical exertional 
angina, the hemodynamic findings during spasm were those of a hypo- 
dynamic state. Left ventricular systolic pressure decreased from 138.9 
+ 6.0 (mean + standard error of the mean) to 113.2 + 6.2 mm Hg; left 
ventricular end-diastolic pressure did not change significantly. Myocardial 
lactate extraction during spasm was invariably markedly reduced: —53.19 
percent + 15.44 (P « 0.001). However, the effect of coronary sinus pacing 
on myocardial lactate extraction was not significantly abnormal: T 15.74 
percent + 6.66. 

The respective roles of medical and surgical intervention are uncertain. 
Only 3 patients had a completely satisfactory pharmacologic response 
to nitrates alone or in combination with propranolol, and the condition of 
5 others was partially improved; the remaining 21 patients were judged 
intractable to medical management. Coronary bypass surgery was per- 
formed as the ultimate recourse in 18 patients. However, short-term results 
reveal that only nine (50 percent) showed improvement, four (22 percent) 
had myocardial infarction during or after surgery and four (22 percent) 
died. 

These studies confirm that coronary arterial spasm is a definite 
pathogenetic factor in a variety of acute myocardial ischemic syndromes. 
The incidence and full clinical significance of this functional disorder re- 
main to be determined. 


For nearly 100 years speculation has waxed and waned regarding the 
importance of coronary arterial spasm as a pathogenetic factor in acute 
myocardial ischemia.!? With the recognition of a variant, nonexertiona 
form of angina by Prinzmetal et al., coronary spasm has once agair 
surfaced as a probable pathogenetic factor. In most cases of variant an: 
gina studied anatomically or arteriographically, a focal stenotic lesior 
of a major coronary artery corresponding to the site of electrocardio 
graphic injury has been demonstrated.^? Recently, Oliva et al.? showec 
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clear arteriographic documentation that spontaneously 
occurring coronary arterial spasm repeatedly accom- 
panied Prinzmetal’s variant angina. Furthermore, their 
studies showed the coronary arteries to be entirely free 
of obstruction during intervals between attacks. Simi- 
larly, Gianelly et al." have demonstrated variant angina 
with only minimal coronary atherosclerosis. Hence, it 
is becoming increasingly evident that coronary arterial 
spasm is an important, if not predominant, factor in 
Prinzmetal's variant angina. 
_ This study comprises 29 cases in which coronary 
spasm was documented. In addition to Prinzmetal’s 
variant angina, a relation of coronary spasm to other 
myocardial ischemic syndromes has been found. The 
'eport provides a preliminary picture of the clinical, 
ngiographic and myocardial metabolic findings in 
'oronary arterial spasm. 


Materials and Methods 


_ Twenty-nine patients, 9 women and 20 men, aged 40 to 70 
rears, were hospitalized because of symptoms considered to 
epresent either “intractable” angina pectoris, “unstable” 
ngina pectoris or evolving myocardial infarction. All patients 
vere studied with selective coronary arteriography using the 
jones technique.? No premedication, including sedatives and 
ranquilizers, were given for at least 8 hours before study. 
nitially, all coronary arteriograms were performed without 


TABLE | 
Slinical Features of 29 Cases 


* (id LN CS x TIT ra a, "y . 


prior coronary vasodilator adminisfration. Nitroglycerin was 
given sublingually only after completion of an initial series of 
coronary angiograms. When clinically feasible, coronary vi- 
sualization was attempted during spontaneous chest pain. 
Since, in most cases, chest pain developed after the initial 
coronary injection, repeat coronary arteriograms were often 
performed before nitrates were administered sublingually. No 
attempt was made in any case to induce spasm artificially with 
pharmacologic or mechanical stimuli. Each coronary angio- 
gram was performed with selective injection of 6 ml of me- 
glumine diatrizoate and sodium diatrizoate (Renografin®- 
76). > 

Coronary arterial spasm was considered documented when 
the coronary segment was reduced in caliber, changed its 
configuration or demonstrated total obstruction in compari- 
son with its initial or subsequent angiographic appearance. 
Prompt reversal of the narrowing usually, although not in- 
variably, followed nitrate administration. Catheter-induced 
spasm could not be eliminated from consideration since some 
obstructions were located within 1 to 2 cm of the coronary 
ostium. However, cases in which coronary spasm was in close 
proximity to the catheter tip were included only if electro- 
cardiographic abnormalities corresponding to the site of 
spastic obstruction were present before, during or after cor- 
onary angiography. 

Coronary sinus blood was sampled in 15 cases after cathe- 
terization with a no. 7F Gorlin bipolar pacing catheter (USCI, 
Glens Falls, N. Y.). Blood was withdrawn from the coronary 
sinus and arterial circulation at rest, during coronary sinus 
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Percent Coronary Arterial Obstruction 


‘ase Age (yr) 
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A = angina recurred despite therapy; Circg = circumflex artery (distal); Circ, = circumflex artery (proximal); Coll = collaterals; | = clinical im- 
‘ovement; LADg = left anterior descending artery (distal); LAD, = left anterior descending artery (proximal); L diag = left diagonal artery; L 
ain = left main stem; L Marg = left marginal artery; MI = myocardial infarction; Pz = Prinzmetal angina; R Main = right main stem; Rg = 
jht coronary artery (distal); surg = surgical treatment; + = died; > = spastic change. 
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pacing at 140 beats/min. for 5 minutes and in the immediate 
postpacing interval. In addition, samples were' obtained 
whenever chest pain or electrocardiographic ischemic injury 
developed spontaneously. Blood lactate concentrations were 
analyzed according to the Antonis method.? Percent of myo- 
cardial lactate extraction was calculated as: 


arterial lactate concentration 
—coronary sinus lactate concentration 


; : x 100. 
arterial lactate concentration 


e 
The normal range of myocardial lactate extraction value for 


this laboratory is from 14.4 to 45.0 percent (mean + standard 
error of the mean 19.9 percent + 3.0). 


Results 


Clinical features: All patients had atypical anginal 
distress ranging in duration from 1 day to 4 years. In 19 
cases the pain was sustained for 30 minutes or more, 
suggesting unstable angina or acute myocardial in- 
farction. Eleven patients described the chest pain as 
occasionally fleeting in nature. Three patients experi- 
enced the discomfort as sharp (somatic in nature) rather 
than visceral in character. However, despite atypical 
features, 16 patients also experienced typical exertional 
angina pectoris. These latter patients had S- T segment 
abnormalities (more than 1 mm depression) in postex- 
ercise electrocardiograms. In patients manifesting only 
atypical angina pectoris, 3 of 13 had an abnormal 
postexercise electrocardiographic response. 

Fifteen of the 29 patients had a history of one or more 
hospitalizations for acute myocardial infarction; how- 
ever, only 6 had definitive QRS abnormalities in support 
of a diagnosis of prior myocardial infarction. In each of 
these cases coronary spasm was found to correspond 
with the site of infarction. 

During spontaneous nonexertional angina, electro- 
cardiograms showed abnormalities of the S- T segment 
or T wave in all cases. An epicardial current injury was 


TABLE II 


Distribution of Coronary Spasm in 20 Men and 9 Women 
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observed in nine. The remaining 20 showed significant 
S-T depression or coved T wave inversion. Cardiac ar- 
rhythmias were common. Ten patients had frequent (5 
or more/min) premature ventricular contractions. 
Ventricular tachycardia or ventricular fibrillation, or 
both, was observed in seven. Second and third degree 
heart block occurred in four. D 
Hemodynamic findings: Systolic arterial pressure 
(138.9 + 6.0 mm Hg) and left ventricular end-diastolic 
pressure (10.8 + 1.7 mm Hg) were normal under control: 
conditions. However, during chest pain systolic pressure 
decreased (113.2 + 6.2 mm Hg) (P <0.05) while left 
ventricular end-diastolic pressure (14.5 + 2.8 mm Hg) 
did not alter significantly. Only six patients had an in- 
creased left ventricular end-diastolic pressure when 
chest pain developed. No significant change in heart 
rate occurred despite chest pain (71.8 + 2.8 beats/min 
without pain versus 73.1 + 1.9 beats/min with pain). 
Angiographic findings (Tables I and II): Coronary 
spasm, as defined arteriographically, was distributed 
among the 29 patients as follows: left main trunk, 20 
percent (6 of 29); right main trunk, 41.4 percent (12 of 
29); proximal left anterior descending artery, 44 percent. 
(13 of 29); proximal circumflex artery, 3.5 percent (1 of 
29); distal left anterior descending artery, 3.5 percent 
(1 of 29); and distal circumflex artery, 7 percent (2 of 29). 
In 17 percent of cases (5 of 29) coronary spasm was 
noted at multiple sites. Seven patients (24 percent) were 
judged to have normal coronary angiograms when. 
spasm was not evident; an additional four patients (14 
percent) had only minimal atherosclerotic abnormality. 
The remaining 18 cases (62 percent) had spasm com- 
plicating significant fixed obstructive lesions (50 percent 
or more obstruction of luminal diameter); 34.5 percent. 
(10 of 29) had additional evidence of significant fixed 
obstructive lesions in locations remote from areas of 
observed coronary spasm. Exclusive of left main stem 
spasm, the prevalence rate of single vessel spasm was 
83 percent (20 of 24); double vessel spasm, 12.5 percent 








Men Women Total (29) 
Underlying Lesion Underlying Lesion Underlying Lesion 
pT eI, TY no. of AR neg RN SY no. of eee gee no. of 
Site >50% <50% Cases >50% <50% Cases >50% <50% Cases 
Left main stem 1 4 5 1 0 1 2 4 6 
Right coronary artery 
Proximal 4 1 5 5 2 7 9 3 12 
Distal 0 0 0 0 0 0 0 0 0 
Left anterior descending 
coronary artery 
Proximal 3 8 11 0 2 xd 3 10 13 
Distal 0 0 0 1 0 1 1 0 1 
Left circumflex 
coronary artery 
Proximal , 0 0 0 1 0 1 1 0 1 
Distal 1 0 1 1 0 1 2 0 2 
Totals 9 13 22 9 4 13 18 17 35 
Single vessel 15 5 20 
Double vessel 1 2 3 
Triple vessel 0 1 1 
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(3 of 24); and triple vessel spasm, 4 percent (1 of 24). 

_ In 18 cases coronary injections were made during 
spontaneous chest pain. In each case coronary spasm 
produced maximal obstruction. Nitroglycerin or isos- 
orbide dinitrate, administered sublingually, relieved 
chest pain in all but patient. Accordingly, in all but this 
case, relief of pain was accompanied by reduced or 
complete resolution of coronary obstruction. 
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FIGURE 1. The mean myocardial lactate response to coronary sinus 
pacing (140 beats/min) among 15 patients with coronary artery spasm 
(- 15.74 + 6.66 percent) was not significantly different from that of 
normal subjects (+19.9 + 3.0 percent). However, during acute coronary 
arterial spasm (spontaneous chest pain) marked myocardial lactate 
production is observed in each case. Patients with chronic stable angina 
(- 10.30 + 2.30 percent) usually experienced angina but showed only 
a small though significantly abnormal decrease in percent of myocardial 
lactate extraction after pacing. 
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"IGURE 3. Case 20. Right coronary arteriogram, right anterior oblique view. A, after the onset of chest pain and before relief with isosorbi 








TABLE III 
Percent Myocardial Lactate Extraction in 15 Cases 
Spontaneous 
Case no. Rest Control Pacing Angina 
1 39.4 27.8 —31.9 
2 27.8 38.0 —17.9 
6 13.2 32.0 UE 
7 34.2 34.7 
8 20.7 22.7 
9 13.6 19.6 "ter 
10 0.0, 0.0 —82.0 
143 17.0 —42.0 —92.0 
12 19.0 8.0 —12.0 
17 34.7 ud —22.0 
20 23.0 12.0 
24 43.8 48.1 ri 
25 e» —132.7 
26 32.7 —14.0 —35.0 
27 16.7 17.7 a 
Mean 23.99 15.74 —53.19 
+ SEM £3i21 +6.66 +15.44 





SEM = standard error of the mean. 
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FIGURE 2. Case 20. During cardiac catheterization chest pain occurred 
spontaneously and was accompanied by S-T segment elevation (lead 
Il). Prompt relief of pain and reduction of S-T elevation were afforded 
by sublingual administration of isosorbide dinitrate. 






de dinitrate. 


Marked spastic constriction (arrow) is evident at the proximal portion of the right coronary artery. B, after administration of isosorbide dinitrate, 


he spastic narrowing is observed to be completely relieved. 
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Evidence for collateral supply to the spastic isch- 
emic region was infrequent. Retrograde visualization 
of the vessel distal to the constriction was seen in only 
7 percent of patients (2 of 29) despite the critical extent 
of obstruction. 

Left ventriculographic abnormalities included 
dyskinesia in two patients, both of whom had myocar- 
dial infarction in areas supplied by spastic vessels. 
Twelve patients had various degrees of hypokinesia 
_ related to spasm or combined spasm and fixed coronary 

obstruction. The majority (52 Percent) had normal- 
appearing left ventriculograms. 

Myocardial metabolic studies (Table III, Fig. 1): 
During spontaneous unprovoked angina, marked lactate 
production (—53.19 + 15.44 percent) was invariable. 
However, coronary sinus pacing at 140 beats/min for 5 
minutes failed to result in chest pain, S- T abnormalities 
or abnormal myocardial lactate extraction in 9 of 13 
cases. Consequently, myocardial lactate extraction was 
significantly less abnormal than that observed during 
spontaneous chest pain (+15.74 + 6.66 versus —53.19 
percent + 15.44) (P <0.001). Similarly, the effects of 
pacing were less significantly abnormal in this group of 
patients than in patients previously studied who had 
classic exertional angina pectoris (+15.74 percent + 6.66 
versus 010.3096 + 2.30) (P «0.05). 

Clinical course and prognosis: Clinical observation 
following arteriographic recognition ranged from 2 to 
24 months, averaging 12.6 months. All patients were 
initially treated with vasodilators, and most also re- 
ceived propranolol. Antiarrhythmic agents were re- 
quired in 10 cases. In only three cases was medical 
therapy completely effective in alleviating recurrent 
anginal symptoms. Five patients were considered to be 
in improved condition despite occasional angina; 21 
were judged intractable to medical management. Three 
patients continued to manifest ventricular tachycardia 
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with antiarrhythmic therapy, and two experienced hear 
block with each seizure. Despite continued chest pair 
and arrhythmia, only one patient (1 of 11) died vo 
medical management alone. 

Coronary bypass surgery was considered the pre 
ferred treatment in 18 of 29 patients with intractable 
symptoms. After coronary surgery, the condition of nine 
patients (50 percent) was improved and that of five (2: 
percent) was unchanged; four patients (22 percent) die 
The incidence of myocardial infarction during the pe 
riod of study was 18 percent (2 of 11) in those treatec 
solely by medical therapy and 22 percent (4 of 18 
among patients after coronary bypass surgery. 

The overall results of coronary bypass surgery per 
formed concurrently by the same surgical team yieldec 
a 76 percent incidence rate of symptom relief, an 1] 
percent incidence rate of perioperative myocardial in. 
farction and a 2.7 percent operative mortality rate. - 


Case Illustrations 


Case 20 


Coronary spasm in normal coronary arteries causing 
transmural myocardial ischemia: A 49 year old white 
woman had her first attack of angina 1 year before admission 
for coronary angiography. Subsequently, she had angina 
episodes several times a week. The chest pain would last 
minutes to hours and had no relation to activity or meals. The 
resting electrocardiogram was normal during pain-free in- 
tervals. Physical examination was within normal limits. 

An initial arteriogram of the right coronary artery showed 
a normal angiographic outline. During spontaneous chest pain 
the electrocardiogram (lead II) showed S-T segment elevatior 
(Fig. 2). Repeat right coronary visualization showed severe 
spastic stenosis of the proximal segment (Fig. 3A). After 
sublingual administration of isosorbide dinitrate (2.5 mg), the 
chest pain was relieved, the S- T elevation disappeared (Fig, 
2) and the coronary arteriographic outline returned to normal 
(Fig. 3B). 
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FIGURE 4. Case 16. A, control electrocardiogram in absence of angina. B, electrocardiogram during angina showing T wave inversion in leads 
I, aVL and V5 to Vs, consistent with acute ischemia of the anterior left ventricular wall. After relief of pain theselectrocardiogram returnéd to its 


control appearance. 
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FIGURE 5. Case 16. Left coronary 
arteriogram, right anterior oblique 
projection. A, control study showing 
an essentially normal coronary 
outline. B and C, repeat left coro- 
nary injections during progressively 
increasing angina show increasing 
constriction (arrow) of the proximal 
left anterior descending artery (B — 
C). D, after administration of isos- 
orbide dinitrate, the left coronary 
artery dilates and the focal con- 
striction of the proximal left anterior 
descending artery disappears, 
leaving only minor luminal outline 
irregularity. 


FIGURE 6. Case 12. An electrocardi- 
ogram monitoring strip during sponta- 
neous chest pain. S-T segment eleva- 
tion is followed by ventricular tachy- 
cardia and then ventricular fibrillation. 
After direct current countershock the 
rhythm is restored to normal (bottom 
strip). 


Case 16 i 

Coronary spasm causing subendocardial ischemia: A 
48 year old white male executive had a history of recurrent 
nonexertional substernal pain for 2 years. The pain was usu- 
ally relieved by sublingually administered nitroglycerin. An 
exercise electrocardiographic tolerance test was normal, de- 
spite a submaximal heart rate response. On physical exami- 
nation the blood pressure was 140/90 mm Hg, and a grade 2/6 
ejection systolic murmur was evident at the apex. The resting 
electrocardiogram was usually normal (Fig. 4A). However, 
during episodes of spontaneous chest pain, abnormal T wave 
inversion in leads I, aVL and V5 to V5 was invariably present 
(Fig. 4B). 

Coronary arteriography showed the left anterior de- 
scending artery to have a normal outline initially (Fig. 5A). 
During angina, repeated injections demonstrated spastic 
constriction of the proximal left anterior descending artery 
(Fig. 5, B and C). After administration of isosorbide dinitrate, 
5 mg sublingually, spastic obstruction was relieved and minor 
atherosclerotic irregularity was revealed (Fig. 5D). 

Despite therapy with nitroglycerin, propranolol, isosorbide 
dinitrate and morphine, anginal episodes could not be satis- 
factorily controlled. The patient therefore underwent coro- 
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nary bypass surgery but died in the immediate postoperative 
period as a result of intractable *pump failure." Postmortem 
examination demonstrated a patent aortocoronary bypass 
graft, a patent proximal left anterior descending artery 
displaying only mild atherosclerotic obstruction and acute 
subendocardial infarction of the anterior wall. 


Case 12 


Coronary spasm causing major ventricular arrhyth- 
mia: A 43 year old white woman had had substernal pain for 
10 years. She was recently admitted to the cardiac care unit 
because of increasingly frequent and persistent chest pain. 
The pain was not necessarily related to exertion and was often 
accompanied by shortness of breath and nausea. Occasionally 
when the pain was sufficiently intense, syncope resulted. 
Physical examination was entirely within normal limits. 
During chest pain electrocardiograms were recorded showing 
S-T segment elevation in leads I, II, and V2 to Vg. During a 
period of medically intractable angina, frequent premature 
ventricular contractions leading to ventricular tachycardia 
and ventricular fibrillation resulted (Fig. 6). On other occa- 
sions, angina elicited complete heart block. 

Coronary arteriography revealed spasm in each of the three 
major coronary arteries during chest pain (Fig. 7). Repeat 





are essentially normal. During chest pain moderate spasm of the proximal right coronary artery is evident (C, arrow). The left coronary artery (D) 
shows marked constriction of the proximal left anterior descending artery (right arrow) and mild constriction of the proximal left circumflex artery 
(central arrow). 
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coronary arteriograms after sublingual administration of ni- 
troglycerin (0.4 mg) showed normal coronary patency with 
minimal atherosclerotic irregularity. 


Case 17 


Coronary spasm causing myocardial infarction: A 67 
year old white woman had a past history of inferior wall 
myocardial infarction complicated by second degree heart 
block and ventricular tachycardia 2 years before cardiac 
catheterization studies (Fig. 8A). Chest pain was usually 
nonexertional and ranged from a few minutes to hours in 
duration. Electrocardiograms recorded during pain showed 
.S-T segment elevation in leads II, III and aVF (Fig. 8B). Relief 
with sublingually administered nitroglycerin or isosorbide 
dinitrate was usual but not invariable. Physical examination 
revealed that the patient was obese and had a grade 2/6 basal 
ejection systolic murmur. 

_ Coronary arteriography demonstrated complete spastic 
occlusion of the proximal right coronary artery which resulted 
in ventricular fibrillation. Before spastic obstruction the right 
coronary artery was visualized without apparent obstruction. 
After restoration of normal sinus rhythm, a repeat right cor- 
onary arteriogram showed a normal right coronary outline 
(Fig. 9, A to C). Left ventriculography demonstrated inferior 
wall akinesia consistent with the history of prior inferior wall 
myocardial infarction (Fig. 9, D and E). 

— Despite a medical regimen that included isosorbide dini- 
trate, 10 mg sublingually every 3 hours; nitroglycerin 0.4 mg 
as needed, and propranolol, 40 mg 4 times a day, the patient 
continued to have chest pain as well as frequent premature 
ventricular contractions. Three months after coronary arte- 
riography she died suddenly. Postmortem examination 
Showed an atherosclerotic plaque at the origin of the right 
coronary artery. All three coronary arteries were free of ob- 
struction. An old inferior wall myocardial infarction was ac- 
companied by recent infarction in the adjacent tissue. 


Discussion 


The classic studies of Zoll et al.!? have firmly estab- 
lished the correlation of typical angina pectoris with the 






PUP tit i 
ALLIES AT 


DSCC Sa TS 
ie eh a 









Gal Bie al! HRI RED ie 
Nanas tones cates ESTEE ET 





= Tp E 


= oF) a CITY hae oe. Ue 


: E] 
Loss] 
Ld 


pathologic anatomic findings of atheromatous nar- 
rowing in one or more major coronary arteries. Subse- 
quently, Proudfit et al! provided coronary angio- 
graphic support for this correlation. Hence, since cor- 
onary arterial spasm had been relegated to little more 
than a hypothesis, its role in the clinical manifestations 
of myocardial ischemia was viewed with skepticism. 
Recently, documentation?1?-17 of coronary spasm as 
a cause of Prinzmetal's variant angina has resulted in 
a renewal of interest, in the functional basis for myo- 
cardial ischemia. Otr study suggests that coronary 
spasm has a wider spectrum of clinical presentation 
than previously acknowledged. Patients with coronary 
spasm manifest, in common, an atypical anginal syn- 
drome complicated by arrhythmia, myocardial infarc- 
tion and sudden death. In the majority of our patients, 
coronary spasm was accompanied by various degrees of 
atherosclerotic coronary artery disease. Accordingly, the 
symptoms, signs, electrocardiographic, hemodynamic 
and myocardial metabolic distinguishing features were 
somewhat impure. Nonetheless, an analysis of these 
characteristics was helpful in distinguishing these pa- 
tients from those with typical exertional angina pecto- 
ris. 

Differences from typical angina pectoris: Variant 
angina pectoris, as described by Prinzmetal et al.,° dif- 
fers from typical angina pectoris in several features. 
Ischemia that is primarily dependent on coronary flow 
(coronary spasm) accounts for angina that occurs un- 
predictably with the subject at rest or during only mild 
activity. Depending upon the duration of spasm, angina 
may be fleeting or protracted. Ventricular arrhythmias 
and heart block often accompany angina resulting in 
lightheadedness and syncope as associated complaints. 
By contrast, fixed coronary atherosclerotic obstruction 
produces a more predictable anginal distress. The 
symptoms often correlate best with factors known to 








FIGURE 8. Case 17. Electrocardiograms. A, control tracing, showing evidence for old (2 years before admission) inferior myocardial infarction. 
Residual Q wave abnormalities are present in leads Il, Ill and aVF. B, during spontaneous chest pain. S-T segment elevations are acutely evident 
n leads Il, {ll and aVF with reciprocal S-T depression in leads |, aVL and V; to Ve. Relief of pain restored the electrocardiogram to the pattern observed 


n NL. 
. `r . 


152 December 1976 The American Journal of CARDIOLOGY Volume 38 


increase myocardial oxygen demand. The pain subsides 
within 2 to 5 minutes in concert with an attenuation of 
the provocative factor (for example, physical effort). 
Typical angina pectoris is only occasionally associated 
with ventricular arrhythmia and therefore rarely results 
in lightheadedness or syncope. 

Incidence of spasm: The incidence rate of coronary 
arterial spasm during coronary arteriography is reported 
to range from 0.26 to 0.93 percent.!’ Our 29 cases, de- 
tected over a 2 year period in 3,000 consecutive coronary 

. n . e . . 
angiographic studies reflect a 1 peecent incidence rate. 
Coronary spasm is probably even more common than 
generally recognized. Recently, in a prospective search 
for this phenomenon, Chahine et al.!? reported a sig- 
nificantly higher incidence rate: 2.93 percent. Several 
factors may contribute to the relatively low reported 
incidence rate: (1) failure to perform a systematic search 
for coronary spasm, (2) routine use of sedatives and 
tranquilizers as premedication for cardiac catheter- 
ization, (3) mild coronary vasodilator action of the an- 
giographic contrast medium, (4) routine use of vasodi- 
lator drugs at the onset of coronary arteriography, (5) 
assessment of a coronary lesion as “‘fixed” if the ob- 
struction persists despite subtle changes in its appear- 
ance after administration of nitroglycerin, (6) reluctance 
to visualize the coronary arteries during chest pain, and 
(7) avoidance of catheterization studies in patients 
during acute coronary syndromes when spontaneous 
spasm is most likely to be present. 
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Angiographic features of coronary spasm: The 
cardiac catheterizations were performed in all of our 
patients during the unpremedicated fasting state. By 
specific intent, coronary arterial opacification was 
performed in conjunction with the onset of chest pain 
and electrocardiographic change. Nitroglycerin or iso- 
sorbide dinitrate was not administered until after a full 
set of coronary arteriograms was completed. Angio- 
graphic studies were then repeated after nitrate ad- 
ministration. We, like others, have probably underes- 
timated the incidence of coronary arterial spasm since 
our study was not prospective by design and our rigid 
criteria precluded any occurrence of spasm that could 
have been attributed to catheter irritation unless ac- 
companied by electrocardiographic abnormalities. 
Despite these limitations, we have been able to ascribe 
certain angiographic features as suggestive of coronary 
spasm: (1) The lesion changes in configuration and ex- 
tent; (2) despite coronary luminal obstruction estimated 
to be 90 percent or more, collateral supply to the isch- 
emic region is rare; (3) single vessel obstruction is more 
common; and (4) sublingual nitrate administration 
usually relieves the spasm. In contrast, fixed coronary 
lesions producing angina pectoris usually involve two 
or more major coronary arteries,!? and collateral vessels 
are commonly seen in regions where coronary obstruc- 
tion exceeds 90 percent.!?-?? In the absence of sponta- 
neous angina pectoris, the hemodynamic pattern was 
different from that observed in other studies of coronary 





FIGURE 9. Case 17.,Right coronary arteriograms in left (A) and right (B and C) oblique projections, and left ventriculogram, right anterior oblique ` 
projection (D and E). A, the right coronary artery has a normal outline. A catheter in the center of the field is situated in the coronary sinus. B, injection 
after the onset of chest pain reveals complete obstruction of the main trunk (arrow) of the right coronary artery. The coronary sinus catheter is 
now located toward the lower left of the field. C, a repeat right coronary arteriogram after recovery from ventricular fibrillation shows a normal 
right coronary outline. D, left ventriculographic frames during diastole (D) and systole (E) reveal akinesia of the inferior left ventricular wall (arrows); 
consistent with old inferior myocardial infarction. 
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heart disease.??-?5 In those few cases in which spastic 
anginal episodes were electrocardiographically and 
hemodynamically recorded, a frank hypodynamic state 
was manifested by reduced systolic blood pressure and 
little or no significant change in left ventricular end- 
diastolic pressure. Spontaneous anginal episodes re- 
corded in patients presumed to have typical angina 
pectoris regularly are manifested by systemic hyper- 
tension and increased left ventricular end-diastolic 
pressure accompanying electrocardiographic abnor- 
 malities.??-?5 

Myocardial metabolic changes during coronary 
‘spasm: Our observations of the myocardial metabolic 
responses during spontaneous chest pain as well as 
during controlled tachycardia have not previously been 
reported. These findings, although not unexpected, 
"appear to be unique to coronary spasm: That is, spon- 

taneous angina invariably resulted in marked myocar- 
dial lactate production, whereas controlled tachycardia, 
‘in most cases, elicited no significant abnormality of 
“myocardial lactate extraction or otherwise reflected 
abnormalities consistent with the degree of residual 
fixed coronary arterial obstruction.”° 

Medical versus surgical therapy: The clinical 
course of this selected group of patients poses a major 
therapeutic dilemma. Medical therapy including bed 

rest and administration of nitrates and propranolol was 
often only temporarily effective. In this context, Lange 
et al.2? described major ischemic complications after 
- withdrawal from long-term industrial exposure to ni- 
_troglycerin. They suggested that chronic nitroglycerin 
"exposure resulting in vasodilatation may evoke ho- 
~meostatic vasoconstriction leading to coronary arterial 
-spasm. Propranolol therapy has been considered ca- 
- pable of inducing coronary artery spasm as well. Yasue 
et al.?5 described four patients whose variant angina 
increased after administration of propranolol. They 
considered coronary spasm in these cases to be mediated 
- by unopposed alpha adrenergic receptors. 

Two medically managed cases were marred by myo- 
cardial infarction, and in one case the patient subse- 
-quently died. Major ventricular arrhythmia including 
"ventricular tachycardia and heart block persisted in 


seven patients despite antianginal and antiarrhythmic 
therapy. ‘Because of the unstable progressive character 
of their angina, 18 patients with angiographically doc- 
umented fixed obstruction underwent coronary arterial 
bypass grafting. Unfortunately, surgical therapy was 
even less rewarding. A large incidence of myocardial 
infarction, relatively high surgical mortality rate and 
persistence of angina postoperatively warrant extreme 
caution in the selection of these patients for surgery.?9-?? 
Consequently, the choice of appropriate therapy must 
be highly individualized according to both coronary 
arteriographic findings and the response to various drug 
regimens. Myocardial revascularization may be the only 
therapeutic alternative when medical therapy fails in 
the patient with spasm complicating a significant crit- 
ically situated coronary atherosclerotic lesion. In con- 
trast, in patients without significant fixed obstruction, 
the capricious nature of coronary spasm appears to offer 
no therapeutic rationale for coronary bypass surgery. 


Conclusion 


We, as well as others, have confirmed the clinical 
entity of coronary arterial spasm. Our data suggest that 
the true incidence of this disorder is greater than now 
recognized and remains to be determined. Spasm has 
been found in apparently normal coronary arteries and 
has also been observed in arteries with various degrees 
of atherosclerotic obstruction. The spectrum of clinical 
manifestations attributable to coronary spasm has been 
widened beyond that of Prinzmetal's variant angina. 
Myocardial ischemia induced by spasm may be mani- 
fested as subendocardial as well as subepicardial isch- 
emia. The major clinical syndromes of coronary heart 
disease including angina pectoris, ventricular arrhyth- 
mia and myocardial infarction have each been observed 
to result from coronary arterial spasm. 
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The primary goal in the medical management of ventricular septal defect 
complicating myocardial infarction is to support cardiac function and 
control symptoms, if possible, for a period of 4 to 6 weeks. If the patient 
survives this period, surgical correction of the defect is technically easier 
and safer. In many cases, however, cardiac function is severely com- 
promised, intractable biventricular failure develops, early operation is 
necessary and the likelihood of successful repair is diminished. 

We recently treated two such patients by means of afterload reduction 
with nitroprusside. In one patient, sublingually administered isosorbide 
dinitrate was later used, and prolonged survival was achieved after sur- 
gery. Hemodynamic investigations in both cases demonstrated that ni- 
troprusside improved cardiac output without necessarily decreasing mean 
arterial pressure. The effect of nitroprusside on pulmonary blood flow and 
left to right shunt was variable: One patient demonstrated a decrease in 
the ratio of pulmonary to systemic blood flow, and the other did not. We 
conclude that afterload reduction with either intravenous or oral agents 
is a potentially useful measure in the management of patients with ven- 
tricular septal defect complicating myocardial infarction. 


Ventricular septal defect complicates 1 to 2 percent of cases of acute 
myocardial infarction!-? and, in this setting, is associated with a very 
high mortality rate: 46 percent of patients die within the first week, 
approximately 90 percent within the first 2 months and 93 percent within 
the first year.* The defect must eventually be corrected surgically, but 
the operative mortality rate is very high when correction is performed 
within the first 6 weeks after infarction. Recently, we treated two pa- 
tients with ventricular septal defect after acute infarction by decreasing 
afterload with nitroprusside and isosorbide dinitrate, in attempts to 
prolong life so that subsequent surgical treatment could be more safely 
instituted. 


Case Reports 
Case 1 


A 62 year old woman with an acute anterior wall infarction had neither a heart 
murmur nor congestive failure when first examined. Twenty-four hours later 
hypotension and gross pulmonary edema developed, and a new grade 4/6 pan- 
systolic murmur was heard over the entire precordium. The patient was treated 
initially with dopamine and metaraminol. Cardiac catheterization performed 
that day showed evidence of severe biventricular failure, low cardiac output (as 
reflected by a widened arteriovenous oxygen difference of 9.8 vol percent), and 
a 3.3:1 left to right shunt at the ventricular level (Table I, Day 1). A left ven- - 
tricular angiogram documented a ventricular septal defect in the mid to low 
muscular septum. The anterior half of the heart was markedly hypokinetic. 
Coronary angiography revealed a 90 percent stenosis in the proximal left anterior 
descending coronary artery, diffuse disease of the left circumflex artery, and 50 
percent luminal narrowing of the distal right coronary artery. 
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TABLE 
Case 1: Hemodynamic Data 
Day 2 Day 3 
Day 1 Control NTP Control NTP 1 NTP 2 

Nitroprusside (ng/min) 0 0 25 0 35 70 
Mean pressures (mm Hg) 

Pulmonary artery 28 30 28 27 23 24 

Systemic artery 74 85 75 84 82 70 
Hemoglobin (9/100 ml) 13.1 11.8 11.0 112 \ 11.2 10.5: 
O, content (vol 96) 

Mixed venous (MV)* g.1 7.2 9.6 6.6 7.8 6.7 

Pulmonary artery (PA) 13.4 13.1 11.9 13.0 12.7 11.2 

Systemic artery (SA) 16.9 15.4 15.5 15.1 15.1 13.4 
VO, (ml/min)t 208 216 172 246 219 . 
Blood flow (liters/min) S 

Systemic 2.5 337 2.0 3.4 3.35 

Pulmonary 9.0 6.0 7.5 9.5 9.1 

L to R shunt 6.5 2.3 5.5 6.1 5.9: 
CI (liters/min per m?) 1.4 2.0 1.1 1.8 1.8. 
OP:QS a.a 3.6:1 1.6:1 3.7:1 2.8:1 28:1 . 
a-v O, diff (vol 96) 9.8 8.2 5.9 8.5 7.3 6.7 





*Mixed venous oxygen content, calculated using the formula!':!?: 


VO,/10 


TSystemic blood flow ($BF) = —— ———————— ——— — 
AO, content (SA-MV) 


95 percent or more in all cases. Therefore, pulmonary venous oxygen content was assumed to be equal to systemic arterial content. 


(3 X SVC) * IVC m 


; pulmonary blood flow (PBF) = 


4 
VO,/10 


AO, content (PV-PA) 





. Systemic arterial saturation was - 
1 


a-v O, diff = arteriovenous (systemic artery — mixed venous) difference in oxygen content; Cl = cardiac index = systemic blood 
flow/body surface area; L to R shunt = left to right shunt = pulmonary blood flow — systemic blood flow; NTP = nitroprusside infusion; OP: as 


= ratio of pulmonary to systemic blood flow; VO, = 


Nitroprusside therapy: Infusion of nitroprusside was 
begun. A peripheral arterial catheter and a flow-directed 
pulmonary arterial catheter were introduced. After informed 
consent was obtained from the patient and family, a double 
lumen, flow-directed catheter was positioned with one orifice 
in the superior and the other in the inferior vena cava. Oxygen 
consumption was measured with analysis of timed collections 
of expired air. Cardiac output and shunt flow were measured 
serially at various rates of nitroprusside infusion (see Table 
I for the formulas used). 

Nitroprusside was infused initially at a rate of 25 ug/min. 
The mean arterial pressure was decreased from 85 to 75 mm 
Hg, with an immediate increase in the systemic blood flow, 
a decrease in the pulmonary blood flow and left to right shunt 
(Table I, Day 2). The pulmonary to systemic flow ratio (QP: 
QS) decreased from 3.6:1 to 1.6:1. There was a dramatic im- 
provement in clinical status: Diaphoresis diminished, the 
limbs warmed, and the sensorium cleared. The following day, 
nitroprusside was temporarily discontinued and then infused 
at two different rates (35 ug/min and later 70 ug/min). At the 
lower infusion rate, the mean arterial pressure was essentially 
unchanged; at the higher rate, it was decreased by 12 to 15 mm 
Hg (Table I, Day 3). At both dosages, nitroprusside increased 
systemic blood flow and decreased the pulmonary to systemic 
flow ratio. However, unlike the findings on Day 2, the pul- 
monary blood flow also increased, and the left to right shunt 
was not appreciably changed. Thus, nitroprusside produced 
similar hemodynamic effects at both dose levels, even though 
with the smaller dose the mean arterial pressure was essen- 
tially unchanged from control level. 

Surgery: Despite the continued administration of nitro- 
prusside at rates of 30 to 50 ug/min, as well as other supportive 
measures, including administration of digitalis and diuretic 
drugs, the patient's clinical status deteriorated. By the fifth 
hospital day, she had severe cardiogenic shock and was op- 


= per minute oxygen consumption determined by analysis of timed collection of expired air. 


erated upon. At operation, the distal and midportions of the. 


septum were infarcted. The septal defect measured 2 by 1 cm. 
The left ventricular wall was necrotic along its distal third, as - 
was the area of the right ventricle adjacent to the septum. The 
defect was repaired, but the patient was unable to maintain 
adequate perfusion postoperatively, and she died. 


Case 2 


A 46 year old man who had a history of previous inferior 
myocardial infarction was hospitalized with an acute anterior | 
infarction. Eighteen hours after admission he became di- 
aphoretic and had a new grade 3/6 systolic murmur and bi- 
basilar rales. At the bedside, a triple lumen flow-directed ` 
catheter was introduced into the pulmonary artery. Oxygen - 
samples revealed a stepup in oxygen saturation in the right | 
ventricle, thus supporting the clinical impression of inter- 
ventricular septal defect with a left to right shunt. A catheter 
was also placed in the right radial artery. j 

Nitroprusside and isosorbide dinitrate therapy: A ni- 
troprusside infusion was begun, and the infusion rate was - 
increased until the pulmonary arterial wedge pressure de- 
creased from 24 to 15 mm Hg. This was accomplished at an 
infusion rate of 65 ug/min, without a significant change in the 
peripheral arterial pressure (115/85 mm Hg before and 115/60. 
mm Hg after infusion of nitroprusside). For the first 3 hospital 
days the mean pulmonary arterial wedge pressure was held. 
between 15 and 20 mm Hg. When the patient's clinical status 
stabilized, transition to oral peripheral vasodilator therapy 
was begun, using sublingually administered isosorbide dini- 
trate at a dose of 5 mg every 3 hours. The nitroprusside infu- 
sions were gradually decreased and eventually discontinued. 
Pulmonary diastolic pressure remained at 18 mm Hg and - 
peripheral arterial pressure was 105/65 mm Hg while the pa- 
tient was receiving isosorbide dinitrate sublingually, 10 mg 
every 3 hours. The pulmonary arterial catheter was removed. 
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During this time, the patient also received digitalis and di- 
 uretic drugs, and quinidine for control of ventricular irrita- 
bility. 

About 3 weeks after the infarction, progressive hepatic 
enlargement and tenderness developed, as well as nausea and 
vomiting. Diagnostic cardiac catheterization and coronary 

angiography, performed 1 week later, demonstrated severe 
three vessel coronary artery disease, inferior wall hypokinesia, 
_a large anteroseptal and apical aneurysm and a ventricular 
-septal defect. Hemod ic measurements were made during 
. the control state (with the patient receiving isosorbide dini- 
trate, 5 mg every 90 minutes) and during an infusion of ni- 
troprusside at a dose of 90 ug/min. Nitroprusside produced 
an increase in systemic blood flow (from 3.4 to 4.6 liters/min), 
_ pulmonary blood flow (from 9.8 to 13.0 liters/min) and left to 
right shunt (from 6.4 to 8.4 liters/min) without significantly 
reducing mean arterial pressure (from 78 to 76 mm Hg). There 
was no significant change in pulmonary to systemic flow 
ratio. 

Surgery: The patient subsequently underwent infarctec- 
tomy and surgical repair of the ventricular septal defect 4 
weeks after admission. He had a relatively uncomplicated 
- postoperative period and has had a satisfactory postoperative 

result. 


f Discussion 

Nitroprusside has previously been used in patients 
with myocardial infarction without intracardiac 
shunts.’ In the presence of congestive failure or clinical 
shock, nitroprusside increases stroke volume and car- 
diac index and decreases left ventricular filling pressure. 
"The improvement is accompanied by a slight decrease 
in coronary blood flow, myocardial oxygen consumption 
and transmyocardial oxygen extraction.? In acute mitral 
regurgitation complicating myocardial infarction, ni- 
troprusside increases forward cardiac output and for- 
ward stroke volume, and reduces systemic vascular re- 
sistance and regurgitant flow.!? 

In Case 1, nitroprusside initially reduced left to right 
shunting and improved forward cardiac output. The 


patient’s clinical status was temporarily improved, but 
this beneficial response could not be maintained and 
early operation was necessary. Operation cannot be 
delayed when the clinical state of such patients deteri- 
orates despite intensive medical therapy.? 

In Case 2 the patient responded well to afterload re- 
duction using nitroprusside followed by sublingually 
administered isosorbide dinitrate. He survived for 4 
weeks after the septal rupture, with a 3:1 left to right 
shunt. Nevertheless, surgery was eventually required 
because of progressif'e right heart failure. 

Our findings indicate that afterload reduction with 
either intravenous or oral agents is a potentially useful 
adjunct in the medical management of ventricular 
septal defect complicating acute myocardial infarction. 
The goal of medical management in this setting is to 
stabilize or improve the patient's cardiac function for 
4 to 8 weeks. If this goal can be achieved, the margins of 
the infarct and of the ventricular septal defect will 
contain sufficient fibrous tissue to make surgical repair 
easier and safer. 

The principal beneficial effect of nitroprusside is 
improvement in systemic blood flow (cardiac index); 
this can often be accomplished without significant 
change of the systemic arterial pressure, as demon- 
strated in both of our cases. The left to right shunt and 
pulmonary to systemic flow ratio may or may not de- 
crease, depending upon the relative changes in systemic 
and pulmonary vascular resistance. In contrast, ino- 
tropic agents often increase afterload and shunt flow as 
well as left ventricular work and myocardial oxygen 
demands. These are relatively adverse hemodynamic 
consequences, and for this reason, such inotropic agents 
should be avoided if possible. In our two cases, the use 
of nitroprusside with careful hemodynamic monitoring 
was sufficiently promising to suggest the need for fur- 
ther trial of this approach in patients with ventricular 
septal defect complicating myocardial infarction. 
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A 29 year old man experienced exertional dyspnea and coughing 3 1/2 - 
years after insertion of a Braunwald-Cutter aortic valve prosthesis. Clinical 
examination suggested pulmonary arterial hypertension, and cardiac — 
catheterization revealed a saccular lesion apparently arising from the left — 
ventricular outflow tract and producing compression of the right pulmonary © 
artery. Origin from the left ventricular outflow tract just under the aortic | 
ring was confirmed at operation. The lesion apparently arose from an 
anular excavation related to previous endocarditis with abscess formation. 
Reported cases of similar aneurysmal lesions are briefly reviewed, and 
other known causes of the pulmonary arterial compression syndrome are - 
discussed. | 


External compression of the pulmonary artery is an uncommon problem — 
and has rarely been recognized clinically. Aneurysms of the left ven- - 
tricular outflow tract are equally rare and have not been reported to 
cause compression of extracardiac structures. We report herein an un- 
usual false aneurysm of the heart causing extrinsic pulmonary arterial | 
compression. 


Case Report 


The patient, a 29 year old man, was discovered to have a murmur of aortic 
insufficiency during a preemployment physical examination in December 1969. | 
He had no history of previous cardiac disease or rheumatic fever. In 1972 he was - 
admitted to the University of Alabama Medical Center with significant exercise - 
intolerance and signs of severe aortic insufficiency. He underwent aortic valve 
replacement in September 1972. At operation, the aortic valve leaflets were - 
abnormally thickened, probably as a result of rheumatic fever. A surprising | 
finding was a 4 mm perforation at the base of the left coronary cusp and a - 
smooth-walled excavation of the aortic anulus in the region of the perforation. © 
These changes were believed to represent healed endocarditis, and the excavation : 
was interpreted as the residuum of a previous abscess at that site. The aortic | 
valve was excised, and a Braunwald-Cutter aortic prosthesis was inserted. After © 
operation, the patient initially did well, but in August 1974 he sustained an acute © 
inferior myocardial infarction that was thought to be embolic in origin. His re- 
covery was uneventful and he remained well until September 1975, when exercise - 
intolerance, characterized by exertional dyspnea and coughing, developed and | 
progressed over the next 3 months until his physical activity was severely limited. 
He had one near syncopal episode after walking. 

On readmission in December 1975, his blood pressure was 100/70 mm Hg. 
Carotid pulsations were diminished without delayed upstroke. The chest was - 
clear. Cardiac examination revealed a prominent apical impulse with laterali 
displacement and a left parasternal lift; the first heart sound was normal, and 
the pulmonary component of the second sound was increased and palpable. 
Normal prosthetic sounds were present. A grade 3/6 systolic ejection murmur 
was heard at the left sternal border with radiation to the base and apex. A grade ` 
2/6 early diastolic murmur was heard at the upper left sternal border. An elec- 
trocardiogram revealed an old inferior myocardial infarction, right axis deviation 
and S-T segment elevation in the inferior and lateral leads. A chest roentgeno- 
gram disclosed an enlarged heart with an unusual convexity of the upper left 
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"heart border (Fig. 1). Results of complete blood count and 
chemistry profile and erythrocyte sedimentation rate were 
normal; blood cultures were sterile. 
At cardiac catheterization, right ventricular pressure was 
66/7 mm Hg, main pulmonary arterial and left pulmonary 
arterial pressures 66/14 mm Hg and left pulmonary wedge 
pressure 11 mm Hg. Right pulmonary arterial pressure was 
22/10 mm Hg, and on pullback a systolic pressure gradient of 
44'mm Hg was noted at the junction of the main pulmonary 
artery (Fig. 2). Cardiag index was 3.22 liters/min per m?. 
Contrast material injeded into the main pulmonary arterial 
trunk demonstrated a long smooth-walled indentation of the 
right pulmonary artery in diastole with marked narrowing in 
systole (Fig. 3). Follow-through films showed normal pul- 
‘monary veins and downward compression of the left atrium. 
The left ventricle was normal in size and contour. As dye 
passed through the left ventricle and into the aorta, a large 
chamber lying between the left atrium and pulmonary artery 
was opacified (Fig. 4). Biplane retrograde aortogram showed 
.a normal-appearing aortic root and prosthetic valve, no aortic 
regurgitation and no opacification of the saccular lesion. 
"Coronary arteriographic findings were normal. Diagnosis after 
catheterization was false aneurysm of the left ventricular 
‘outflow tract causing pulmonary arterial compression and 
significant pulmonary hypertension. 


y 
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At operation on December 19, 1975, a large false aneurysm 
was found behind the aortic root. The attachments of the 
Braunwald-Cutter prosthesis were intact and, after removal 
of the prosthesis, an opening 1.2 cm in diameter was seen 
arising in the subvalvular area in communication with the 
posterior false aneurysm. The ostium of the aneurysm was 
closed by oversewing during insertion of a Bjork-Shiley aortic 
valve prosthesis. The postoperative course was uneventful, ) 
and the patient was discharged on December 26, 1975. At 
follow-up examination 5 months later, he was doing well. 


Discussion 


The patient's aneürysmal lesion was almost certainly 
the result of the previous infective endocarditis revealed 
at the initial operation in September 1972. The ostium 
of the aneurysmal lesion arose from the anular excava- 
tion previously noted. This excavation probably rep- 
resented the site of previous abscess formation, which 
underwent eventual dilatation and aneurysm formation 
because of structural weakness in the wall and the he- 
modynamic stresses of ventricular contraction. 

, Ventricular outflow aneurysms: Aneurysmal le- 
sions of the left ventricular outflow tract are quite rare. 
They have been described as examples of separation of 


FIGURE 1. Chest roentgenograms. Left, film of March 1973 showing only residual cardiomegaly after aortic valve replacement in September 1972; 
right, film of December 1975 showing convexity at upper left cardiac border. 
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FIGURE 2. Pullback pulmonary arterial pressure 
(PAP) tracing from the right to the main pulmonary 
artery (PA) demonstrating peak systolic gradient 


of 44 mm Hg. ECG - electrocardiogram. 
-P 
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the aorta from the heart, anular subvalvular aneu- 
rysms,2~ fibrous body aneurysms? and aneurysms of 
 mitral-aortic intervalvular fibrosa. Lesions described 
as separation of the aorta from the heart may arise 
above the valve leaflets in the sinuses of Valsalva, below 
the leaflets within the anulus or at both sites. They may 
be seen alone or in association with inflammatory pro- 
cesses, particularly infective endocarditis. Lesions oc- 


FIGURE 3. Pulmonary arteriogram 
after injection of contrast medium 
into the main pulmonary artery 
(MPA). Top, diastolic frame showing 
slight indentation of the right pul- 
monary artery (RPA) by external 
mass. Bottom, systolic frame 
showing marked compression of 
the right pulmonary artery by the 


’ 
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curring above the leaflets are aneurysms of the sinus of 
Valsalva, and are well recognized as a distinct clinical 
entity. Those arising below the valve leaflets within the 
anulus are much less common and are properly called 
ventricular aneurysms. 

Anular subvalvular aneurysms have been described 
in the South African Bantu and in Nigerians.*-* They 
arise in relation to the aortic and mitral valve rings at 


\ 


. * 


December 1976 The American Journal of CARDIOLOGY Volume 38 961 


- PULMONARY ARTERIAL COMPRESSION-—COWLEY ET AL. 





the base of the heart and are thus distinct from the more 
common left ventricular aneurysms seen in ischemic 
heart disease. Their true etiology is unknown, although 
congenital factors are considered important by some.?? 
Mitral anular lesions are usually large and often have 
multiple ostia.? The subaortic anular lesions are usually 
small and are likely to be incidental findings at autopsy 
although they may cause significant aortic insufficiency 
by dissecting around the anulus and undermining the 
supporting valve tissue.” 

Isolated case reports in Europe and the United States 
have described similar lesions involving the subvalvular 
area designated anular subvalvular aneurysms”? or 
fibrous body aneurysms.? They have occurred in pa- 
tients with associated conditions to which the lesions 
could be attributed. The most common associated 
condition has been infective endocarditis, although 
trauma? and rheumatic valve disease without endo- 
carditis? have also been noted. 

Lesions in the mitral-aortic intervalvular fibrosa have 
also been reported. Although they do not arise strictly 
in the tough fibrous tissue of the anulus, they do arise 
within the ventricle in close anatomic proximity to the 
anulus. Known reported cases have all been associated 
with infective endocarditis. 

These aneurysmal lesions of the left ventricular 
outflow tract are quite uncommon, and compression of 
extracardiac structures has not been reported in asso- 
ciation with them. Extrinsic compression of the pul- 
' monary artery, as seen in our patient, is equally un- 
common and may be caused by several other pro- 
cesses. 

. Pulmonary arterial compression: External com- 
. pression of the pulmonary artery or its main branches 


f 


FIGURE 4. Late levophase of pulmonary arteriogram 
showing opacification of a large mass (outlined by 
arrows) superior to the left atrium (LA) and left ven- 
tricle (LV) and presumably posterior to the aorta. 


is well recognized as a consequence of syphilitic aneu- 
rysm of the ascending aorta.!°-!4 Often there is associ- 
ated rupture of the aneurysm into the pulmonary artery, 
creating an aortopulmonary fistula, which may domi- 
nate the clinical findings.!? A few reports of compression 
of the pulmonary artery due to aneurysms of the de- 
scending aorta have appeared. These have been due to 
trauma!? or atherosclerosis!’ and have more frequently 
involved the left pulmonary artery than the main pul- 
monary arterial trunk. Acute dissection of the ascending 
aorta may also cause pulmonary arterial compres- 
sion!?!? and may simulate acute massive pulmonary 
embolism when it involves the main pulmonary arterial 
trunk.!? 

External compression of the pulmonary artery due 
to nonvascular causes is usually due to an intrathoracic 
neoplastic or inflammatory process. Tumors causing 
pulmonary arterial compression have included terato- 
mas,!*?? Hodgkin's disease???! and others.!4 22.7? 

Inflammatory processes including adhesive rheu- 
matic pericarditis?* and chronic fibrous mediastinitis?’ 
have occasionally caused significant pulmonary arterial 
compression. Other reported causes include lymphatic 
cysts,” hilar lymph node enlargement? and, perhaps 
most unusual, callus formation of the sternum.?? 

Clinical correlations: An interesting feature of our 
case was the finding of pulmonary arterial hypertension 
in the face of unilateral pulmonary arterial obstruction. 
Our patient had significant obstruction of only his right 
main pulmonary artery with a peak.systolic pressure 
gradient of 44 mm Hg (Fig. 2). There was no demon- 
strable main pulmonary arterial involvement by pull- 


back pressure measurements or by pulmonary angiog-., 


raphy. Yet clinical findings of pulmonary arterial hy‘ 
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pertension were present, as manifested by evidence of 
right ventricular lift, accentuated pulmonary*compo- 
nent of the second sound and right axis deviation in the 
electrocardiogram. Experimental and clinical studies 
have shown that occlusion of the right or left pulmonary 
artery?? or absence of one lung?? is not sufficient to 
cause pulmonary arterial hypertension in the normal 
person. This may not be the case in the presence of other 
systemic disease, as evidenced by reports of cor pul- 
monale in patients with isolated obstruction of the right 
or left pulmonary artery.!':14 

Another unique feature in our case was the dynamic 
nature of the pulmonary arterial obstructive process. 
Significant compression of the right pulmonary artery 
was present only during systole (Fig. 3). This systolic 
accentuation of obstruction is probably due to systolic 
expansion of the aneurysmal sac during ventricular 
ejection. Our observations were made only at rest, and 


it is quite likely that the physiologic consequences of the 
dynamic narrowing were intensified with exertion be- 
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cause of a combination of hemodynamic factors, in- — 


cluding increased heart rate and its associated short- 


ening of diastole. Exertionally related increases in ~ 
myocardial contractility and left ventricular pressure : 
may have further increased the size of the aneurysmal . 


lesion, allowing further compression of the' right pul- 
monary artery during both systo 
perhaps causing involvement of tke main pulmonary 


and diastole, and © 


arterial trunk, which was not seen at rest. Additionally, | 
further aneurysmal expansion could increase left atrial | 


compression and impede pulmonary venous return, 
aggravating the pulmonary hypertension. The interplay 


of these various factors could explain the magnitude of - 


our patient's exertional symptoms in the face of rela- 


tively moderate hemodynamic abnormalities found at | 


catheterization during rest. 
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3 LYMPHATICS AND MYOCARDIAL FUNCTION 


- The patient with extensive subendocardial fibroelastosis 
_ described by Libanoff and McMahon! merits some discussion. 
_ I believe that he manifested certain findings compatible with 
` disease involving the lymphatics of the heart. 

— The lymphatics of the mammalian heart drain from the 
. endocardium to the epicardium, and on the ventricular surface 
. the collecting lymphatics follow the veins.? There is evidence 
* that diffuse disease of the myocardium, as well as disease of 
_ the myocardial lymphatics, can interfere with lymph drainage 
- from heart muscle and lead to endocardial fibroelastosis in 
- man.? Studies in dogs have shown that interference with 
_ lymph flow from the heart results in endocardial fibroelas- 
T tosis.* It is known that interference with lymph flow predis- 
- poses to the laying down of fibrous tissue in the affected tis- 
ái sue?" and that fibrotic processes related to wound healing are 
. also altered.® 
— The phrase “delayed immunologic reaction" used by Li- 
- banoff and McMahon is a type of hazy terminology that does 
. not tell us about the mechanism by which an inflammatory 
_ reaction might lead to severe endocardial fibroelastosis. In the 
_ patient presented such a reaction could have injured lym- 
_ phatics and might then have interfered with lymphatic 
- drainage by direct lymphatic obstruction. Additionally, be- 
- cause of an epicarditis, there could have been interference with 
- the lymphatic drainage vessels on the surface of the heart. The 
" mechanism of formation of pericardial effusions has also been 
related to impaired lymph and venous blood flow from the 
myocardium,? and the epicarditis in the patient described 
_ would be consistent with this concept. 

_ Thus, a “delayed immunologic reaction" might cause en- 
_ docardial fibroelastosis through diffuse direct injury to lym- 
_ phatics and an inflammatory epicardial process, both causing 
- interference with lymph flow. Certain viral infections may act 
- in a similar manner. 

The lymphatics of the heart are technically difficult to 

- study, and much of the thinking surrounding their function 
_in pathophysiology is indeed speculative. But enough work 
. has been done to merit for them a role in our thinking. It is my 
i3 opinion that they play an integral part in myocardial function 

‘in health and disease.!? 
Albert J. Miller, MD 
Department of Medicine 
Northwestern University Medical School 
E^ Chicago, Illinois 
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REPLY 


We stated early in our article: “Eosinophilia occurs as a 
manifestation of many different disease processes; however, 
the mechanism by which it is induced has remained enig- 
matic.” Our intention in the Discussion was to relate the en- 
domyocardial fibrosis (a late phenomenon) to the eosinophilia 
(an early phenomenon). Other early manifestations of en- 
domyocardial disease were of a diffuse nature involving the 
liver, spleen, lymph nodes and bone marrow. It should be 
noted that the lymph nodes were involved; perhaps the lym- 
phatics were related to that involvement. This would be 
consistent with Miller's view that lymphatic obstruction of 
the heart caused the endomyocardial fibrosis. It is interesting 
that interference with lymph flow in the heart of the dog 
causes endomyocardial fibrosis. 

Let us assume that a diffuse inflammatory reaction of the 
myocardium caused obstruction to the lymphatic flow. 'T'his 
could have been responsible for the endomyocardial fibrosis. 
Questions persist concerning etiology. What caused the diffuse 
myocardial inflammation? What role can one attribute to the 
eosinophil in the origin of this inflammation? Does the eo- 
sinophilia occur in response to the inflammation or as an ini- 
tial response to some other stimulus? | 

I agree that the lymphatics merit a role in our thinking 
about pathologic findings of the heart, and I feel somewhat 
remiss in not considering their possible role in endomyocardial 
fibrosis. 

A. J. Libanoff, MD 
Internal Medicine and Cardiology 
Montclair, California 


PRINZMETAL'S VARIANT ANGINA 


Higgins et al.! leave the reader with the impression that two 
separate pathogenetic mechanisms caused variant angina in 
their 17 patients. They describe a group of eight subjects 
without important fixed coronary obstructive disease whose 
anginal attacks are attributed (quite reasonably) to coronary 
arterial spasm. In a second group of nine patients high grade 
fixed coronary arterial stenosis is considered the pathogenetic 
mechanism for the attacks of variant angina. I disagree with 
this latter conclusion. 

Their Table I shows that none of the patients in the group 
with severe coronary obstruction had a history of angina o 
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exertion. Moreover, the authors did not document whether 
attacks at rest in this group were associated with tachycardia 
or elevated arterial pressure, which would increase myocardial 
oxygen requirements. They have thus failed to explain ade- 
quately what actually did cause these patients to have severe 
myocardial ischemia while at rest. 

There is justification for the belief that coronary arterial 
spasm was the pathogenetic mechanism in most if not all of 
their cases, even those with high grade fixed obstruction. The 
elegant angiographic and physiologic observations of Maseri 
et al.^? are consistent with this view, as are my own angio- 
graphic observations in two patients iff whom coronary spasm 
superimposed on high grade fixed stenosis produced transient 
complete coronary occlusion, which reproduced the symptoms 
and electrocardiographic changes that had been seen on the 
ward before arteriography. 

In Prinzmetal's variant angina one can find a complete 
spectrum of coronary obstructive disease from no arter- 
iographically discernible disease to high grade multivessel 
obstruction. What binds these arteriographically diverse 
conditions into a distinct clinical syndrome is the recurrent 
development of localized transmural myocardial ischemia 
(injury) when myocardial oxygen needs are low, and the usual 
absence of ischemia when the metabolic needs of the heart are 
high. The best information available indicates that the 
proximate cause of this syndrome is coronary spasm whether 
or not high grade fixed coronary obstruction is also present. 
The underlying causes of such spontaneous coronary spasm 
are not known. 

This is of clinical importance. Patients with symptoms due 
to coronary spasm tend to get operated upon when they have 
some high grade coronary obstructive disease but not when 
there are no fixed obstructions. This form of treatment may 
be justified when good medical therapy fails to control 
symptoms. But the results of coronary bypass surgery are not 
as good with this syndrome as with classic angina pectoris 
because coronary spasm often persists after placement of a 
bypass graft; spasm may involve the vessel distal to the graft 
or occur in ungrafted vessels, and even may be responsible for 
thrombosis of the graft. It is possible that some of the unsat- 
isfactory results of surgery in these cases can be avoided by 
the routine intraoperative administration of vasodilators and 
by continuing such administration in the postoperative period 
even in the absence of symptoms. An effective surgical method 
for abolishing coronary arterial spasm would be an appro- 
priate prelude to bypassing fixed obstruction in these cases, 
but such a method is currently not known. 

Rex MacAlpin, MD 

Department of Medicine 

The School of Medicine 

The Center for the Health Sciences 
University of California, Los Angeles 
Los Angeles, California 
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The 17 patients in our study had in kamon the occurrence 
of chest pain while at rest and S-T segment elevation during 
painful episodes. Coronary arteriography in nine patients 
revealed obstructive lesions that, according to current con- 
cepts, were sufficiently severe to be responsible for angina 

under situations of augmented myocardial oxygen require- 

ments. In eight of these nine patients the luminal diameter 
of at least one coronary artery was narrowed by more than 85. 
percent. Luminal narrowing of the cross-sectional diameter 
of a coronary artery by more than 85 percent has been dem- 
onstrated in canine preparations to be sufficient to impede 

distal coronary blood flow at rest.! Therefore, it is not possible 
to state that fixed obstructions of this severity were not - 
responsible for episodes of angina. In our minds, and as sta 

in a recent compilation of knowledge on this subject,? spái | 
as the proximate mechanism of ischemia in all patients with 
variant angina is not as clearly established as MacAlpin ap- 
parently believes. a 

However, we, like MacAlpin, have developed the feeling 
that coronary arterial spasm, in some instances, is superim- 
posed on significant lesions and have recently documented. 
this notion by coronary arteriography in two patients. Coro- 
nary arterial spasm occurred spontaneously during arteriog- 
raphy at the site of a 60 percent stenosis of the proximal left 
anterior descending coronary artery, resulting in near total. 
occlusion in one patient. In the other patient, spasm appéstt 
at the site of an 80 percent stenosis of the mid right coronarge 
artery, producing total occlusion. 

In conclusion, we agree that spasm may be superimposed ; 
on lesions of any severity. However, given the current state. 
of knowledge on this topic, one can be relatively confident that 
spasm is the responsible mechanism eventuating in myocar- 
dial ischemia only in those patients with clearly nonsignificant l 
fixed stenoses. 

Charles B. Higgins, MD $ | 
Department of Radiology 
University Hospital 

University of California, San Diego 
San Diego, California E 


ul xb: 


References 
1. Gould KL, Lipscomb K, Calvert C: Compensatory changes of the distal coronary vascular - 


bed during progressive coronary constriction. Circulation 51:1085—1094, 1975 ay 
2. Scherf D, Cohen J: "Variant" angina pectoris. Circulation 49:787-789, 1974 


* D 
€ 


ey EA CF ee ee Sy 





AMERICAN COLLEGE OF CARDIOLOGY NEWS 


FT ee Ly Sy ee S 





1 i 
D: 

, 
La 


Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
‘normal and abnormal function of the cardio- 
- vascular system in man. Mast of the programs 
are pertinent to direct cd of patients with 
-heart disease. The need for such programs 
increases with the ever increasing amount of 
"scientific and clinical data, the constant 
changes in technology and methodology, and 
_the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
_ practitioners feel the need of supplementing 
‘their professional reading by direct contact 
- with the authors, research workers and leaders 
in the field. 

. To solve these problems the Committee 
Selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists, educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
prgctices. An effective practitioner must learn 
afd relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


_ Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education 
_ Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director. Pacific 


MAR. 7- Twenty-sixth Annual Scientific 

MAR. 10 Session. Charles Fisch, FACC, 
president. Las Vegas Hilton Hotel 
and Sahara Hotel, Las Vegas, Ne- 
vada 


MAR. 
17-19 


Contemporary Management of 
Acute Myocardial Infarction by the 
Family Physician. Robert S. Eliot, 
FACC, director and James G. Jones, 
William P. Nelson, FACC and 
Thomas A. Nicholas, co-directors. 
Hay Adams Hotel, Phoenix, Ariz. 


MAR. 
17-19 


Cardiovascular Disease— 1977: 
Practical Diagnosis and Manage- 
ment. John Ross, Jr., FACC, Joel S. 
Karliner, FACC and Kirk L. Peter- 
son, FACC, directors. Hotel Del 
Coronado, Coronado, Calif. 


"individ- Medical Center, San Francisco, 
ually ^ Calif. 

E 
e 1976 
DEC. Coronary, Valvular and Myocardial 
7-10 Heart Diseases: Structure-Func- 
aXe tion Correlations. William C. Rob- 
d erts, FACC, director. Williamsburg 
A Lodge, Williamsburg, Va. 
DEC The Ninth Annual Cardiovascular 
E. Symposium—Cardiology for the 
a. Clinician—1976: Facts, Fables 
E and Fallacies. Henry |. Russek, 
E FACC, director. Americana Hotel, 
p. New York, N.Y. 

h 1977 

JAN. Results and Evaluation of New 
.10-14 Methodology in Cardiology. John H. 
E K. Vogel, FACC, James S. For- 
3 rester, FACC and Bruce C. Paton, 
g y FACC, directors. Opticon Theater, 
X Snowmass - at- Aspen, Aspen, 
i; Colo. 

. JAN. Core Curriculum: Pediatric Echo- 
17-20 cardiography. Richard A. Meyer 
| and Samuel Kaplan, FACC, direc- 
n tors. Children's Hospital, Cincinnati, 
ts. Ohio 

JAN. Clinical Strategies in Ischemic 
21-23 Heart Disease: New Concepts and 


Current Controversies. H. J. C. 
Swan, FACC and Eliot Corday, 
FACC, directors. Century Plaza 
Hotel, Los Angeles, Calif. 


MAR. 
24-26 


The Pathology of the Heart. Mau- 
rice Lev, FACC and Jesse E. Ed- 
wards, FACC, directors. Palmer 
House, Chicago, III. 


MAR. 28- Electrocardiographic Interpretation 


APR. 1 


APR. 
4-13 


of Complex Arrhythmias: A Phys- 
iological Approach. Charles Fisch, 
FACC and Douglas P. Zipes, FACC, 
directors. Indiana University Medical 
Center, Indianapolis, Ind. 


Cardiology for the Consultant: A 
Clinician’s Retreat. E. Grey Di- 
mond, FACC, James E. Crockett, 
FACC and Arthur D. Hagan, FACC, 
directors. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 
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APR Echocardiography for the Clini- 

13-15 cian. Nathaniel Reichek and Joel 
Morganroth, FACC, directors. The 
Hilton Hotel of Philadelphia, Pa. 

APR Vectorcardiography: Advanced 

13-15 | Workshop. Alberto Benchimol, 
FACC, director. Scottsdale Hilton 
Hotel, Scottsdale, Ariz. 

APR. Consultant's Course in Cardiology. 

18-22 Simon Dack, FACC, director and 
Michael V. Herman, FACC, Richard 
Gorlin, FACC and Louis E. Teich- 
holz, FACC, co-directors. Mount 
Sinai Medical Center, New York, 
N.Y. 

APR. A Symposium on Cardiovascular 

25-28 Nursing. Henry J. L. Marriott, FACC 
and Leo Schamroth, FACC, direc- 
tors. Sheraton Sand Key Hotel, 
Clearwater Beach, Fla. 

APR. New Approaches to Cardiac Di- 

28-30 agnosis. Arthur Selzer, FACC and 


Keith E. Cohn, FACC, directors. 
Hyatt Hotel on Union Square, San 
Francisco, Calif. 
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14-Day Trial Offer — 





A low risk, non-invasive procedure 
to determine blood-flow and patency: 
Sonicaid’s new Cardiovascular Pocket Unit 





$395 complete, including’ freight; TER with transducer, 
headset, coupling gel, batteries, usbrs manual and case; 
easy to hear: distinctive ultra-sound representation, adjust- 
able volume control, builtin loudspeaker (headset dis 
connects loudspeaker for privacy); easy to use & wear: 
powered by low-cost batteries (but on/off switch's cutoff 
circuit blocks battery drain); lightweight, clip for belt or 
pocket, plus neck-cord; advanced design, use-proved ultra: 
sound circuitry; sensitive transducer operates at nominal 
8mHz, transmits only low levels of acoustic energy to patient. 





"Let it prove its value in 14 days, or return it, prepaid, 
without other cost or obligation? 


John Scales, Executive V.P., Sonicaid, Inc. 





Hear circulation's sounds as never before, with an 
instrument you can wear wherever your practice 
takes you. 


Ultra-sound waves' frequency is increased or decreased 
when reflected from moving blood cells. This doppler 
shift depends on both the reflector's speed and direc- 
tion. The resulting mosaic of doppler-shifted waves is 


processed and translated into audible tones. What you 
hear then is the representation of a virtually silent event 
—the circulation of the blood—as reflected by ultra- 
sound. 





Because this is a low risk, non-invasive procedure for 
determining blood-flow and patency, the new Sonicaid 
doppler ultra-sound Cardiovascular Unit has numerous 
applications for specialists and general practitioners. A 
few: its being used before and after reconstructive vas- 
cular surgery; in investigations of the major veins and 
arteries of the limbs; and even in digital and peripheral 
examinations, thanks to its sensitivity. 


How can you use it? 

Test. Experiment. Try it without cost for 14 days. If un- 
satisfied after those 14 days, return freight will be your 
only cost. However, we believe this development is as 
significant as the stethoscope was in its day. That's why we 
believe you'll discover the value of this instrument when 
it's put to the test of your daily practice. 


The Cardiovascular Pocket Unit is one of a new array 
of blood flow detection and blood velocity measurement 


equipment available to you from Sonicaid. Worldwide, 
doctors and hospitals rely on Sonicaid for innovation and 
leadership in ultra-sound diagnostics. More than 22,00€ 
of our most popular unit have been sold in more than 
90 countries. In the USA, Sonicaid instruments are solc 
and serviced nationwide. 


ORDER WITH COUPON NOW 
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Please send me: 


Cardiovascular Pocket Units @$395 ea.= . — —— 


(number) (amount) 


O checkenclosed UO bill me 
Name 
Address 


City, State, ZIP 
Billing address if different from above: 


Address 
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Mail this order coupon to: 


SONICAID 


PO Box 714CX, Fredericksburg, VA 2240], (703) 898-6820. 
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KIORVESS 10% LIQUID 


(potassium chloride) 





Klorvess® Combined Brief Summary 

Klorvess (potassium chloride) 10% Liquid 
Each tablespoonful (15 ml) contains 20 mEq of 
potassium chloride (provided by potassium chloride 
1.5 g) in a palatable, cherry-with-pit flavored vehicle, 
alcohol, 1% 
Klorvess Effervescent Tablets 
Each dry, sodium- and sugar-free effervescent tablet 
contains 20 mEq each of potassium and chloride 
supplied by potassium chloride 1.125 g, potassium 
bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g 
Contraindications: Severe renal impairment character- 
ized by azotemia or oliguria, untreated Addison’s 
disease, Familial Periodic Paralysis, acute dehydration, 
heat cramps, patients receiving aldosterone-inhibiting 
or potassium-sparing diuretic agents, or hyperkalemia 
from any cause 
. Precautions: In response to a rise in the concentration 
of body potassium, renal excretion of the ion is 
increased. In the presence of normal renal function 
and hydration, it is difficult to produce potassium 
intoxication by oral potassium salt supplements 

Since the extent of potassium deficiency cannot be 
accurately determined, it is prudent to proceed 
cautiously in undertaking potassium replacement 
` Periodic evaluations of the patient's clinical status 
serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is 
particularly important in patients with cardiac disease 
and those patients receiving digitalis 


High serum concentrations of potassium may cause 
death through cardiac depression, arrhythmia or 
cardiac arrest 

To minimize gastrointestinal irritation associated 
with potassium chloride preparations, patients should 
dissolve each Klorvess Effervescent Tablet in 3 to 4 
ounces of water or fruit juice, or dilute each 
tablespoonful of Klorvess (potassium chloride) 10% 
Liquid in 3 to 4 ounces of water. Both of these 
solutions should be ingested slowly with or immediately 
after meals 
Adverse Reactions: Abdominal discomfort, diarrhea, 
nausea and vomiting may occur with the use of 
potassium salts 

The symptoms and signs of potassium intoxication 
include paresthesias, heaviness, muscle weakness and 
flaccid paralysis of the extremities. Potassium 
intoxication can produce listlessness, mental confusion 
a fall in blood pressure, shock, cardiac arrhythmias 
heart block and cardiac arrest 

The EKG picture of hyperkalemia is characterized 
by the early appearance of tall, peaked T waves. The R 


wave is decreased in amplitude and the S wave deepens; 


the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears 
Occasionally, an apparent elevation of the RS-T 
junction and a cove-plane RS-T segment and T wave 
will be noted in AVL 

Dosage and Administration: 

Klorvess® Effervescent Tablets: Adults — One Klorvess 


Ettervescent Tablet (20 mEq each of potassium and 
chloride) completely dissolved in 3 to 4 ounces of 
cold water or fruit juice 2 to 4 times daily depending 
upon the requirements of the patient 

Klorvess" (potassium chloride) 1095 Liquid 
Adults — One tablespoonful (15 ml) of Klorvess Liquid 
completely diluted in 3 to 4 ounces of water 2 to 4 
times daily depending upon the requirements of the 
patient 

Both of these solutions should be ingested slowly 
with meals or immediately after eating. Deviations 
from these recommended dosages may be indicated in 
certain cases of hypokalemia based upon the patient's 
status. The average total daily dosage must be 
governed by the patient's response as determined by 
frequent evaluation of serum electrolytes, EKG and 
clinical status 
Overdosage: Potassium intoxication may result from 
overdosage of potassium or from therapeutic dosage in 
conditions stated under “Contraindications”’ 
Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a 


few hours 
How Supplied: Klorvess Effervescent Tablets (white) — Af 


60 tablets (2 Rx units of 30 effervescent tablets each) 
Each tablet is individually foil wrapped. Klorvess 
potassium chloride) 10% Liquid (dark red)—as a 
cherry-with-pit flavored liquid in 16-ounce and 
gallon bottles 


BA-YB 





Delicious cherry-with-pit flavor. 
If you've tasted it, you know 


KLORVESS® (potassium chloride) 


10% Liquid provides a delicious 
natural flavor. So good, in fact, 
that it should be mixed only with 
water. 


Or whatever flavor your patients 
like . . . because the taste of 
KLORVESS® Effervescent Tablets 
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THE SUBTLE MIXER” 


EFFERVESCENT 


Each dry, sodium- and sugar-free effervescent tablet contains 20 mEq 
each of potassium and chloride supplied by potassium chloride 1.125 g, 
potassium bicarbonate 0.5 g, L-lysine monohydrochloride 0.913 g. 


is determined by what they're 
mixed with. The subtle mixer. 


Convenience in therapeutic doses. 
Both forms of KLORVESS offer 
20 mEq potassium chloride in 
each dose. There is no need to 


æ 
Dorsey 
LABORATORIES 
Division of Sandoz, Inc. « LINCOLN, NEBRASKA 68501 





prescribe several slow-release 
tablets per dose or space dosage 
administration beyond the 
patients normal routine. 
Prescribe KLORVESS 10% Liquid 
or KLORVESS Effervescent 
Tablets . . . for potassium 
supplement therapy that offers 
good taste and convenience at 
therapeutic dosages. 
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Hypertension 


An important 
new indication for 


Inderal 


Brand of 


oropranolo: hydrochloride 


Tablets 10mg, 40mg, 80mg 
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Hypertension: 
a new indication for Inderal 


Inderal (propranolol hydrochloride) is 
indicated in the management of hyperten- 
sion. It is usually used in combination with 
other drugs, particularly a thiazide diuretic. 
Inderal is not indicated for treatment of 
hypertensive emergencies. 


Actions of Inderal 


Propranolol hydrochloride decreases heart 
rate, cardiac output, and blood pressure. 
Although total peripheral vascular resistance 
may increase initially, it readjusts to the pre- 
treatment level, or lower, with chronic usage. 
Earlier studies indicate that plasma volume 
remains unchanged or may decrease. How- 
ever, there are certain more recent studies 
suggesting that in the absence of sodium 
restriction, plasma volume may increase. 


Mechanism of 

antihypertensive effects 

The mechanism of the antihypertensive 
effects of Inderal has not been established. 
Among the factors that may be involved are: 


iu 
(1) decreased cardiac output, 





(2) inhibition of renin (Sg 
release by the kidneys, D 
and 


(3) diminution of tonic 
sympathetic nerve 
outflow from vasomotor 
centers in the brain. 





Inderal dosage must be 
individualized 


B The initial dose is 80 mg Inderal daily in 
divided doses. The dose may be increased 
gradually until optimum blood pressure 
response is achieved. 


m The usual effective dose range is 160 to 
480 mg per day. In some instances dosages 
of 640 mg per day may be required. 


m The time course of ful blood pressure 
response is variable and.may range from a — 
few days to several weeks. e 


m Inderal is usually used in conjunction 
with other antihypertensive agents, particu- - 
larly a thiazide diuretic. When Inderalis — - 
employed as the sole therapeutic agent, 
concomitant dietary sodium restriction mae 
be advantageous. 


How Inderal is supplied 
TABLETS 


— Each tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. ` 


— Each tablet contains 40 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. . 


— Each tablet contains 80 mg of propranolol 
hydrochloride, in bottles of 100 and 1,000. 

(See HOW SUPPLIED section information 
on following pages.) 3 





Before prescribing Inderal for hypertension, 
please read the full prescribing information on 
the following two pages. 
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(For full product information, see package cir- 
cular.) 

INDERAL* 

Brand of propranolol hydrochloride 

A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL 
HYDROCHLORIDE). THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH 


THE BASIC CONCEPT OF ADRENERGIC 
RECEPTORS ‘ALPHA AND BETA). AND THE 
PHARMACOLOGY OF THIS DRUG. 


ACTIONS 


‘-INDERAL is a beta-adrenergic receptor block- 
ing drug, possessing nq other autofiomic ner- 
vous system activity. It specifically competes 
with beta-adrenergic' receptor stimulating 
agents for available beta receptor sites. .When 
access to beta receptor sites is blocked by 
INDERAL, the chronotropic, inotropic, and 
vasodilator responses to beta-adrenergic 
stimulation are decreased proportionately. 
Propranolol is almost completely absorbed 
from the gastrointestinal tract, but a portion is 
immediately bound by the liver. Peak effect oc- 
curs in one to one and one-half hours. The 
biologic half-life is approximately two to three 
hours. Propranolol is not significantly dialyza- 
ble. There is no simple correlation between 
dose or plasma level and therapeutic effect, and 
the dose-sensitivity range as observed in clini- 
cal practice is wide. The principal reason for 
this is that sympathetic tone varies widely be- 
tween individuals. Since there is no reliable 
test to estimate sympathetic tone or to deter- 
mine whether total beta blockade has been 





. achieved, proper dosage requires titration. 


Additional carcinogenicity studies in rats 
and mice conforming to recently accepted pro- 
tocols are nearing completion and no drug- 
related increase in tumors has been observed. 

The mechanism of the antihypertensive 
effects of INDERAL has not been established. 
Among the factors that may be involved are (1) 
decreased cardiac output, (2) inhibition of renin 
release by the kidneys, and (3) diminution of 


_ tonic sympathetic nerve outflow from vasomo- 
tor centers in the brain. 


Propranolol hydrochloride decreases heart 


. rate, cardiac output, and blood pressure.. 
. Although total peripheral vascular resistance 


may increase initially, it readjusts to the pre- 
treatment level, or lower, with chronic usage. 
Earlier studies indicate that plasma volume re- 
mains unchanged or may decrease. However, 


| there are certain more recent studies suggest- 


ing that in the absence of sodium restriction, 
plasma volume may increase. 

Beta receptor blockade is useful in conditions 
in which, because of pathologic or functional 
changes, sympathetic activity is excessive or 
inappropriate and detrimental to the patient. 
But there are also situations in which sym- 
pathetic stimulation is vital. For example, in 
patients with severely damaged hearts, ade- 
quate ventricular function is maintained by 
virtue of sympathetic drive which should be 
preserved. In the presence of AV block, beta 
blockade may prevent the necessary facilitat- 
ing effect of sympathetic activity on conduc- 
tion. Beta blockade results in bronchial con- 
striction by interfering with adrenergic 
bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade 
therapy is to decrease adverse sympathetic 
stimulation but not to the degree that may im- 


pair necessary sympathetic support. 


Propranolol exerts its antiarrhythmic effects 
in concentrations associated with beta- 
adrenergic blockade and this appears to be its 

rincipal antiarrhythmic mechanism of action. 

he membrane effect also plays a role, particu- 
larly, some authorities believe, in digitalis-in- 
duced arrhythmias. Beta-adrenergic blockade 
is of unique importance in the management of 
arrhythmias due to increased levels of circulat- 
ing catecholamines or enhanced sensitivity of 
the heart to catecholamines (arrhythmias 
associated with pheochromocytoma, thyrotoxi- 
cosis, exercise). 

In dosages greater than required for beta 
blockade, INDERAL also exerts a quinidine- 
like or anesthetic-like membrane action which 


. affects the cardiac action potential and 


depresses cardiac function. 


Propranolol may reduce the oxygen require- 
ment of the heart at any given level of effort by 
blocking catecholamine-induced increases in 
heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. 
On the other hand, propranolol may increase 
oxygen requirements by increasing left 
ventricular fiber length, end diastolic pressure, 
and systolic ejection period. 

If the net physiologic effect of beta 
adrenergic blockade in angina is advantageous, 
it would be expected to manifest itself during 
exercise by delayed onset of pain due to 
decreased oxygen requirement. 


INDICATIONS 
Hypertension 


INDERAL is indicated in the management of 
hypertension. It is usually used in combination 
with other drugs, particularly a thiazide 
diuretic. INDERAL is not indicated for treat- 
ment of hypertensive emergencies. 

Angina Pectoris Due to Coronary 
Atherosclerosis 

The initial treatment of angina pectoris in- 
volves weight control, rest, cessation of smok- 
ing, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. 
INDERAL is indicated in selected patients with 
moderate to severe angina pectoris who have 
not responded to these conventional measures. 
Propranolol should not be used in patients with 
angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL (propranolol hydrochloride) ex- 
erts both favorable and unfavorable effects, the 
preponderance of which may be beneficial. (See 
ACTIONS Section.) INDERAL should not be 
continued unless there is reduced pain or in- 
creased work capacity. 

Because of the potential for adverse results, 
treatment should be carefully monitored. The 
patient should also be reevaluated periodically 
since the dosage requirement and the need to 
continue INDERAL may be altered by clinical 
exacerbations or remissions. (See DOSAGE 
AND ADMINISTRATION.) 

Additional studies of the effects of 
INDERAL in angina pectoris patients are in 
progress to better evaluate and define the 
proper role of INDERAL in this condition. 
Cardiac Arrhythmias 
1.)Supraventricular arrhythmias 

a) Paroxysmal atrial tachycardias, particu- 
larly those arrhythmias induced by cate- 
cholamines or digitalis or associated with 
the Wolff-Parkinson-White syndrome. 
(See W-P-W under WARNINGS.) 

b) Persistent sinus tachycardia which is non- 
compensatory and impairs the well-being 
of the patient. 

c) Tachyeardias and arrhythmias due to 
thyrotoxicosis when causing distress or in- 
creased hazard and when immediate 
effect is necessary as adjunctive, short 
term (2-4 weeks) therapy. May be used 
with, but not in place of, specific therapy. 
(See Thyrotoxicosis under WARNINGS.) 

d) Persistent atrial extrasystoles which im- 
pair the well-being of the patient and do 
not respond to conventional measures. 

e) Atrial flutter and fibrillation when 
ventricular rate cannot be controlled by 
digitalis alone, or when digitalis is con- 
traindicated. 

2.) Ventricular tachycardias 

Ventricular arrhythmias do not respond to pro- 
pranolol as predictably as do the supra- 
ventricular arrhythmias. 

a) Ventricular tachycardias 
With the exception of those induced by 
catecholamines or digitalis. INDERAL is 
not the drug of first choice. In critical 
situations when cardioversion technics or 
other drugs are not indicated or are not 
effective, INDERAL may be considered. If, 
after consideration of the risks involved, 
INDERAL is used, it should be given intra- 
venously in low dosage and very slowly. 
(See DOSAGE AND ADMINISTRATION | 
Care in the administration of INDERAL 
with constant electrocardiographic 
monitoring is essential as the failing heart 
requires.some sympathetic drive for main- 
tenance of myocardial tone. 

b) Persistent premature ventricular ex- 
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trasystoles which do not respond to con- 
ventional measures and impair the well- 
being of the patient. , 

3.) Tachyarrhythmias of digitalis intoxication 

If digitalis-induced tachyarrhythmias per- 
sist following discontinuance of digitalis and 
correction of electrolyte abnormalities, they 
are usually reversible with oral INDERAL. 
Severe bradycardia may occur. (See OVER- 
DOSAGE OR EXAGGERATED 
RESPONSE.) 
Intravenous propranolol hydrochloride is 
reserved for life-threatening arrhythmias. 
Temporary maintenance with oral therapy 
may be indicated. (See DOSAGE AND AD- 
MINISTRATION.) 

4.) Resistant tachyarrhythmias due to ex- 
epale catecholamine action during 
anesthesia 

Tachyarrhythmias due to excessive cate- 


cholamine action during anesthesia may 


sometimes arise because of release of endog- 
enous catecholamines or administration of 
catecholamines. When usual measures fail 
in such arrhythmias, INDERAL (propranolol 
hydrochloride) may be given intravenously 
to abolish them. All general inhalation 
anesthetics produce some degree of myo- 
cardial depression. Therefore, when 
INDERAL is used to treat arrhythmias dur- 
ing anesthesia, it should be used with ex- 
treme caution and constant ECG and central 
venous pressure monitoring. (See WARN- 
INGS.) j 
Hypertrophic Subaortic Stenosis 
INDERAL is useful in the management of 
hypertrophic subaortic stenosis, especially for 
treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL 
also improves exercise performance. The effec- 
tiveness of INDERAL in this disease appears to 
be due to a reduction of the elevated outflow 


pressure gradient which is exacerbated by beta _ 


receptor stimulation. Clinical improvement 
may be temporary. 


Pheochromocytoma 
After primary treatment with an alpha- 
adrenergic blocking agent has been instituted, 
INDERAL may be useful as adjunctive therapy 
if the control of tachycardia becomes necessary 
before or during surgery. 

It is hazardous to use INDERAL unless 
alpha-adrenergic blocking drugs are already in 
use, since this would predispose to serious blood 
pressure elevation. Blocking only the 
peripheral dilator (beta) action of epinephrine 
leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is 
a disadvantage in having both beta and alpha 
blockade since the combination prevents the 


increase in heart rate and peripheral vaso- — 


constriction needed to maintain blood pressure. 

With inoperable or metastatic pheochromo- 
cytoma, INDERAL may be useful as an adjunct 
to the management of symptoms due to ex- 
cessive beta receptor stimulation. 


CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen 
season; 3) sinus bradycardia and greater than 


first degree block; 4) cardiogenic shock; 5) right - 


ventricular failure secondary to pulmonary hy- 
pertension; 6) congestive heart failure (see 
WARNINGS! unless the failure is secondary to 
a tachyarrhythmia treatable with INDERAL; 
7) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), 
and during the two week withdrawal period 
from such drugs. 


WARNINGS 


CARDIAC FAILURE: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and inhibi- 
tion with beta-blockade always carries the po- 
tential hazard of further depressing myocardial 
contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing 
the inotropic action of digitalis on the heart 
muscle (i.e., that of supporting the strength of 
myocardial contractions). In patients already 
receiving digitalis, the positive inotropic action 
of digitalis may be reduced by INDERAL's 
negative inotropic effect. The effects of 
INDERAL and digitalis are additive in depress- 
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ing AV conduction. 


IN PATIENTS WITHOUT A HISTORY OF 
CARDIAC FAILURE, continued depression of 
the myocardium over a period of time can, in 
some cases, lead to cardiac failure. In rare in- 
stances, this has been observed during 
INDERAL (propranolol hydrochloride) therapy. 
Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be 
fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure 
continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be 
immediately withdrawn; b) if tachyarrhythmia 
is being controlled, patients should be main- 
tained on combined therapy and the patient 
closely followed until threat of cardiac failure 
is over. e 


IN PATIENTS WITH ANGINA PEC- 
TORIS, there have been reports of ex- 
acerbation of angina and, in some cases, 
myocardial infarction, following abrupt 
discontinuation of INDERAL therapy. 
Therefore, when discontinuance of 
INDERAL is planned the dosage should 
be gradually reduced and the patient 
carefully monitored. In addition, when 
INDERAL is prescribed for angina pec- 
toris, the patient should be cautioned 
against interruption or cessation of 
therapy without the physician's advice. If 
INDERAL therapy is interrupted and ex- 
acerbation of angina occurs, it usually is 
advisable to reinstitute INDERAL 
therapy and take other measures ap- 
propriate for the management of unsta- 
ble angina pectoris. Since coronary ar- 
tery disease may be unrecognized, it may 
be prudent to follow the above advice in 
patients considered at risk of having oc- 
cult atherosclerotic heart disease, who 
are given propranolol for other indica- 
tions. 


IN PATIENTS WITH THYROTOXICOSIS, 
possible deleterious effects from long term use 
- have not been adequately appraised. Special 
consideration should be given to propranolol's 
potential for aggravating congestive heart 
failure. Propranolol may mask the clinical 
signs of developing or continuing hyperthyroid- 
ism or complications and give a false impres- 
sion of improvement. Therefore, abrupt with- 
drawal of propranolol may be followed by an ex- 
acerbation of symptoms of hyperthyroidism, in- 
cluding thyroid storm. This is another reason 
for withdrawing propranolol slowly. 
Propranolol does not distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON.- 
WHITE SYNDROME, several cases have been 
reported in which, after propranolol. the 
tachycardia was replaced by a severe bradycar- 
dia requiring a demand pacemaker. In one case 
this resulted after an initial dose of 5 mg 

. propranolol. 

IN PATIENTS DURING ANESTHESIA with 
agents that require catecholamine release for 
maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated 
carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR 
SURGERY, beta blockade impairs the ability of 
the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromo- 
cytoma, INDERAL should be withdrawn 48 
hours prior to surgery. at which time all chemi- 
cal and physiologic effects are gone according 
to available evidence. However, in case of 
emergency surgery, since INDERAL is a com- 
petitive inhibitor of beta receptor agonists, its 
effects can be reversed by administration of 
such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to 
protracted severe hypotension. Difficulty in 
restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC 
BRONCHOSPASM 'e.g, CHRONIC BRON- 
CHITIS, EMPHYSEMA), INDERAL should be 
administered with caution since it may block 
bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta 
receptors. 





DIABETICS AND PATIENTS SUBJECT TO 

HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity, INDERAL 
(propranolol hydrochloride) may prevent the 
appearance of premonitory signs and 
symptoms (pulse rate and pressure changes! of 
acute hypoglycemia. This is especially impor- 
tant to keep in mind in patients with labile 
diabetes. Hypoglycemic attacks may be accom- 
panied by. a precipitous elevation of blood 
pressure. 
USE IN PREGNANCY: The safe use of 
INDERAL in human pregnancy has not been 
established. Use of any drug in pregnancy or 
women of childbearing potential requires that 
the possible risk to mother and/or fetus be 
weighed against the expected therapeutic ben- 
efit. Embryotoxic effects (fetal resorptions) 
have been seen in animal studies at doses about 
10 times the maximum recommended human 
dose. 


PRECAUTIONS 


Patients receiving catecholamine depleting 
drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added 
catecholamine blocking action of this drug may 
then produce an excessive reduction of the 
resting sympathetic nervous activity. Occa- 
sionally, the pharmacologic activity of 
INDERAL may produce hypotension and/or 
marked bradycardia resulting in vertigo, syn- 
copal attacks, or orthostatic hypotension. 

As with any new drug given over prolonged 
periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be 
used with caution in patients with impaired 
renal or hepatic function. 


ADVERSE REACTIONS 


Cardiovascular: bradycardia; congestive heart 
failure; intensification of AV block: hypoten- 
sion; paresthesia of hands; arterial insuf- 
ficiency, usually of the Raynaud type; throm- 
bocytopenic purpura 

Central Nervous System: lightheadedness; 
mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental 
depression progressing to catatonia; visual dis- 
turbances; hallucinations: an acute reversible 
syndrome characterized by disorientation for 
time and place, short term memory loss, emo- 
tional lability, slightly clouded sensorium, and 
decreased performance on neuropsycho- 
metrics. 

Gastrointestinal: nausea, vomiting, epi- 
gastric distress, abdominal cramping, diarrhea, 
constipation 

Allergic: pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and 
respiratory distress. 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrom- 
bocytopenic purpura, thrombocytopenic pur- 
pura 

Miscellaneous: reversible alopecia. Oculo- 
mucocutaneous reactions involving the skin, 
serous membranes and conjunctivae reported 
for a beta blocker (practolol) have not been con- 
clusively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated 


blood urea levels in patients with severe heart 


disease, elevated serum transaminase, alkaline 
phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 
The dosage range for INDERAL is 
different for each indication. 

ORAL 

HYPERTENSION — Dosage must be individ- 
ualized. 

The initial dose is 80 mg INDERAL daily in 
divided doses. The dose may be increased grad- 
ually until optimum blood pressure response is 
achieved. The usual effective dose range is 160 
to 480 mg per day. In some instances dosages of 
640 mg per day may be required. The time 
course of full blood pressure response is varia- 
ble and may range from a few days to several 
weeks. INDERAL is usually used in conjunc- 
tion with other antihypertensive agents, par- 
ticularly a thiazide diuretic. When INDERAL is 
employed as the sole therapeutic agent, con- 
comitant dietary sodium restriction may be ad- 
vantageous. 

ANGINA PECTORIS— Dosage must be indi- 
vidualized. 

Starting with 10-20 mg three or four times 
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EU 
daily. before meals and at bedtime, dosage 3 
should be gradually increased at three to seven | - 
day intervals until optimum response is ob- a 
tained. Although individual patients may ‘re- 
spond at any dosage level, the average optimum | | 
dosage appears to be 160 mg per day. In angina | — 
pectoris, the value and safety of dosage exceed- | r 
ing 320 mg per day have not been established. * |  ' 
If treatment is to be discontinued, reduce | | 
dosage gradually over a period of several | - 
weeks. ‘See WARNINGS.) y 
ARRHYTHMIAS—10-30 mg three or four | - 
times daily, before meals and at bedtime. qua 
HYPERTROPHIC SUBAORTIC STEN-* |. 
OSIS—20-40 mg three or four times daily. |. 
before meals and at bedtime. ie 
PHEOCHROMOCYTOMA — Preoperatively | 
—60 mg daily in divided doses for three days |. 
prior to surgery, concomitantly with an alpha- |. 
adrenergic blocking agent. ID 
— Management of inoperable tumor—30 mg 
dailv in divided doses. 
PEDIATRIC DOSAGE 
At this time the data on the use of the drug in 
this age group are too limited to permit ade- 
quate directions for use. 
INTRAVENOUS 
Intravenous administration is reserved for 
life-threatening arrhythmias or those occur- 
ring under anesthesia. The usual dose is from 1 
to 3 mg administered under careful monitor- ; 
ing, e.g. electrocardiographic, central venous E 
pressure. The rate of administration should not |- 
exceed 1 mg (1 ml) per minute to diminish the 
possibility of lowering blood pressure and caus- | | 
ing cardiac standstill. Sufficient time should be. 
allowed for the drug to reach the site of action | 
even when a slow circulation is present. If nec- | 
essary, a second dose may be given after two | 
minutes. Thereafter, additional drug should — 
not be given in less than four hours. Additional | — 
INDERAL should not be given when the | < 
desired alteration in rate and/or rhythm is | ` 
achieved. p jam 
Transference to oral therapy should be made | - 
as soon as possible. a M 
The intravenous administration of INDERAL | 
has not been evaluated adequately in the man- | — 
agement of hvpertensive emergencies. P 
OVERDOSAGE OR EXAGGERATED 
RESPONSE pet 
IN THE EVENT OF OVERDOSAGE OR EX. | | 








AGGERATED RESPONSE, THE FOLLOW- | . 
ING MEASURES SHOULD BE EMPLOYED: | - 
BRADYCARDIA —ADMINISTER ATRO- 5 
PINE (0.25 to 1.0 mg: IF THERE IS NO | ` 
RESPONSE TO VAGAL BLOCKADE, ADMIN- | - 
ISTER ISOPROTERENOL CAUTIOUSLY E 
CARDIAC FAILURE—DIGITALIZATION | | 
AND DIURETICS 43 
HYPOTENSION — VASOPRESSORS, e.g 
LEVARTERENOL OR EPINEPHRINE 
(THERE IS EVIDENCE THAT EPINEPHRINE 
IS THE DRUG OF CHOICE.) 
BRONCHOSPASM —ADMINISTER ISO- 
PROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 
(propranolol hydrochloride) 

TABLETS 

—Each tablet contains 10 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- | - 
0461-81) and 1,000 (NDC 0046-0461-91). M 
Also in unit dose package of 100 (NDC 0046. | - 
0461-99). Wa 

—Each tablet contains 40 mg of propranolol R5 
hydrochloride, in bottles of 100 (NDC 0046- | 
0464-81) and 1,000 (NDC 0046-0464-91). 
Also in unit dose package of 100 (NDC 0046- 
0464-99). 

— Each tablet contains 80 mg of propranolol 
hydrochloride, in bottles of 100 (NDC 0046- | 
0468-81) and 1.000 (NDC 0046-0468-91). - 
Also in unit dose package of 100 (NDC 0046- 
0468-99). 

INJECTABLE SH 

—Each ml contains 1 mg of propranolol hy- |. 
drochloride in Water for Injection. The pH is r 
adjusted with citric acid. Supplied as: 1 ml | ` 
ampuls in boxes of 10 (NDC 0046-3265-10). E 
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For out of IO patients, 
your present defibrillator 
may be powerful enough. 


portant, foi 











But more i 


3 out of 10 it may not be. 





Recent studies of de- 
brillation have disclosed 
yme disquieting facts: **the 
iccess rate for defibrillation 
f human adults is only about 
5 with defibrillators which 
&Nver 300 watt-seconds 
f energy. ’* And *‘the prob- 
oility of defibrillating a sub- 
‘ct who weighs over 220 
ounds is extremely low. '* 
hese studies have produced 
ie following finding: **virtu- 
[ly all defibrillators now in 
se have inadequate output 
) defibrillate many human 
dits... 

Because of this, we Apu S 
kveloped the Datascope M/ per: A portable 
efibrillator capable of delivering not 300, or the 
dely available 320, but 460 watt-seconds of 
nergy. Fully 1/3 more energy than most any other 
ortable defibrillator made today. 

Which means,very simply, that you have 
ore capability when you need it. 

But the Datascope M/D2J doesn't just de- 
ver more energy than other defibrillators. It tells 
ou more about what it's delivering. 

It is the only defibrillator in the world that. 

>ads the current delivered 
whe subject during de- 
brillation. (Energy 
roduces current. But 
urrent is what produces 
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ACKER,JR., W.A..ELECTRICALDOSE FOR MEEESLLESS 
"FIBRILLATION. CARDIAC DEFIBRILLATION 
JNFERENCE, PURDUE UNIVERSITY, 
5S. 121-7, OCT. 75. 
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defibrillation. Which is why 
current is the truly meaning- 
ful measure.) It also reads 
selected delivered energy. ` 
And delivered energy intoa 
built-in test load. And instead 
of test lights, or ready lights, — 
all readings are precisely j 
shown on a bright digital 
display. 

To this point, we've 
been discussing the M/D2J . - 
as if it were merely a defibril- - 
lator. Of course, its amon-  - 
itor/defibrillator. The defib- 
rillator is an impressive part. — 
But the other parts are equal- 

! ly impressive. The M/D2J 
offers the finest non-fade monitor of any 
monitor/defibrillator in emergency medicine. 

And it offers the new Databank. The first 
cassette recording system in emergency medicine. _ 
An instrument that does away with the bulk of 
paper recording while allowing you to record not 
merely ECG, but also to record the detailed 1 
management of the patient verbally onto the tape. 

Which means that in addition to offering 
more energy, our system offers more capability 


than any monitor) defibrillator in the world. 


For more 
information on the - 
new M/D2J, write: 
Datascope Corp., 
580 Winters Avenue 
Paramus,N.J.07652 


The new MÍD2J 
with Databank. 
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. to help keep the angina patient on the job 


Prescribe convenient b.i.d. dosa gg 


BEY "ERNEUT N*STCOGCON ey A ON 





to encourage patient compliance 


SUSTAINED ACTION CAPSULES, 40 


, eit 


mg 
prophylaxis against angina pectoris attacks 
dosage range: 1 capsule b.i.d. to q.i.d. 
*Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 


classified the indications as follows: 
"Possibly" effective: When taken by the oral route, Isordil is indicated for 


the relief of angina pectoris (pain of coronary artery disease). It is not in- 
tended to abort the acute anginal episode, but is widely regarded as useful 
in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 





Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the acute 
phase of myocardial infarction (the period during which clinical and laboratory 
findings are unstable) are insufficient to establish safety. 

Precautions: Tolerance to thfs drug and cross-tolerance to other nitrites and 
nitrates may occur  . 


p - Adverse Reactions: Cutaneous vasodilation with flushing. Headache is com- 


e designed specifically to provide 8 to 10 hours of sustained 
e b.i.d. dosage is frequently satisfactory to prevent angina attacks... 


e Stable...retains potency without significant loss or variation 


mon and may be severe and persistent. Transient episodes of dizziness and 
weakness as well as other signs of cerebral ischemia associated with postural 
hypotension may occasionally develop. This drug can act as a physiological an- 
tagonist to norepinephrine, acetylcholine, histamine, and many other agents. An 
occasional individual exhibits marked sensitivity to the hypotensive effects of 
nitrite, and severe responses (nausea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with the usual therapeutic dose. 
Alcohol may enhance this effect. Drug rash and/or exfoliative dermatitis may 
occasionally occur. . 

Dosage: Every 6 to 12 hours according to need. ° 

Consult direction circular before prescribing. 

May we send you reprints, detailed information and/or professional samples ? 


TEMBIDS®— TRADEMARK FOR SUSTAINED ACTION CAPSULES gsm x 
IVES LABORATORIES INC. (fez 
New York, N Y. 10017 ; — 


DEDICATED TO IMPROVING THE QUALITY 
OF LIFE THROUGH MEDICINE* 
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Action potential 
changes in ventricular monophasic, associated with neurogenic T 
wave changes ånd isoproterenol administration, 170 
duration of, and antiarrhythmic drugs, 119 
_ Adenosine and coronary steal after coronary occlusion, 880 
Adrenocortical factors in hypertension, 814 
A Adrenocorticosteroids, new, in hypertension, 805 
- Afterload reduction 
-for severe aortic regurgitation, 564 
in postinfarction ventricular septal defect, 956 
_ Alcoholic cardiomyopathy, reversibility of, 673 
- Aldosterone and renin suppression in the antihypertensive action of 
clonidine, 825 
-. Aldosteronism, primary, steroids in, 814 
. American College of Cardiology 
calendar of continuing medical education programs, 140, 280, 404, 
546, 675, 966 
new members, 404 
norms for use in peer review of selected in-hospital diagnoses, 
275 
president's page: a manpower problem, 139 
. Amiodarone 
as antiarrhythmic agent, 934 
. in Wolff-Parkinson-White syndrome, 189 
_ Amyloid in bundle branch disease, 508 
a Amyloidosis, cardiac, constrictive pericarditis and restrictive cardio- 
myopathy, 547 
- Anesthesia and propranolol before myocardial revascularization, 
x 696 
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_ Aneurysm 

- dissecting 

^ of aorta, echocardiogram in, 722 

$ of coronary arteries and myocardial infarction in young women, 
E 299 


false, of left ventricular outflow tract, pulmonary compression syn- 
drome caused by, 959 
of atrial septum in tricuspid atresia, 265 
- .. ventricular, and Q waves, 662 
Angina pectoris 
and plasma heparin neutralizing activity, 9 
in obstructive aortic valve disease, 863 
nitroglycerin ointment for, 162 
unstable 
and propranolol before myocardial revascularization, 696 
medical versus surgical treatment for, 479 
. A variant 
» criteria for, 133 
= . in coronary arterial spasm, 945 
: Prinzmetal's, 964 
— radionuclide studies of pathogenesis of, 751 
" Angiography 
(see also Coronary arteriography) 
3 after aortocoronary bypass surgery, 856 
after nitroprusside for severe aortic regurgitation, 564 
and echocardiography in hypoplastic left heart syndrome, 337 
X. and spectrum of coronary arterial spasm, 945 
in discrete subvalvular aortic stenosis, 53 
— in double outlet left ventricle, 897 
. in unstable angina pectoris, 479 
pulmonary, and maldistribution of pulmonary blood flow in d-trans- 
position of great arteries, 352 


Angiography 
radionuclide 
for serial measurements of left ventricular ejection fraction after 
myocardial infarction, 407 
in congenital heart dtsease, 711 
ventricular, and analysis of left ventricular contraction, 322 
versus echocardiography in tricuspid valve endocarditis, 502 
Antiarrhythmic drugs 
(see also specific agents) 
acute oral testing with, 677 
changing concepts of, 119 
clinical efficacy of amiodarone as, 934 
in frequent ventricular ectopy in apparently healthy subjects, 141 
in Wolff-Parkinson-White syndrome, 149 
Aorta, size of, in transposition of great arteries, 452 
Aortic atresia and hypoplastic left heart syndrome, 337 
Aortic insufficiency, afterload reduction with nitroprusside in, 564 
Aortic regurgitation and porcine aortic bioprosthesis in mitral position, 
293 
Aortic stenosis 
and mitra! anular calcification, 836 
discrete subvalvular, in childhood, 53 
fixed, left ventricular function by echocardiography in, 611 
in children and adolescents, echocardiographic assessment of se- 
verity of, 620 
Aortic valve disease, obstructive, and chest pain as predictor of coro- 
nary artery disease, 863 
Arrhythmias 
(see also Dysrhythmias and specific type) 
after surgery 
for congenital heart disease, 225 
for transposition of great arteries, 448 
analysis of, and computer interpretation of electrocardiogram, 
362 
atrial, during lithium therapy, 701 
computer detection of, data reduction system for, 440 
in Kugelberg-Welander syndrome, 528 
in Candida myocarditis, 924 
in unstable angina pectoris, 479 
neural mechanisms in, 594 
patient-activated radiofrequency pacemaker for, 200 
supraventricular, tolamolol for, 195 
ventricular 
and acute oral drug testing with quinidine, 677 
and rate hysteresis pacemakers, 685 
in apparently healthy subjects, 141 
lithium therapy and, 701 
Arteriography 
(see Angiography) 
Asplenia syndrome, penicillin prophylaxis after surgery for, 225 
Asynergy, right ventricular, in coronary artery disease, 557 
Atherosclerosis 
and abnormal platelet function, 667 
and myocardial infarction in young women, 299 
coronary, and coronary arterial spasm, 945 


role of hypertension in, 786 ? 
Atrial extrasystolic stimulation and atrioventricular nodal conduction 
time, 889 


Atrial fibrillation 
and patient-activated radiofrequency pacemaker, 200 
and rate hysteresis pacemaker, 685 
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Atrial fibrillation 
and reversibility of alcoholic cardiomyopathy, 673 
in Wolff-Parkinson-White syndrome, 149 
amiodarone for, 189 
Atrial flutter and patient-activated radiofrequency pacemaker, 200 
Atrial myxoma (see Myxoma, atrial) 
Atrial septal defect 
| A absent, and paradoxical motion of interventricular septum with right 
ventricular dilatation, 654 
and masked abnormal drainage of inferior vena cava into left atrium, 
261 
and mitral valve prolapse, 377 ` 
comparative ventricular response to volume overload in, 209 
in congenitally corrected transposition of great arteries, 910 
ostium secundum, and mitral valve prolapse, 167 
pulmonary blood volume in, 751 
Atrial septum, aneurysm of, in tricuspid atresia, 265 
Atrioventricular block, complete, in congenitally corrected transposition 
of great arteries, 383 


Atrium 
electrophysiologic effects of atropine on, 848 
left 
masked abnormal drainage of inferior vena cava into, 261 
size of, echocardiogram and, 73 
Atropine 
| in human sinus node and atrium, electrophysiologic effects of, 
429 
in sinus nodal dysfunction, electrophysiologic effects of, 848 
Autonomic nervous system, dysrhythmias after surgically induced im- 
balance in, 178 


Barlow syndrome and Ebstein's anomaly of tricuspid valve, 377 
Beta adrenergic blockade 
and ventricular electrical instability, 594 
with tolamolol, 195 
Bigeminal rhythm and rate hysteresis pacemaker, 685 
Blood flow 
coronary, dobutamine and, 103 
myocardial regional 
and coronary stenosis, 751 
during hyperemia in coronary artery disease, 416 
pulmonary 
in transposition of great arteries, 62 
| asymmetric distribution of, 352 
1 total, in tricuspid atresia, 235 
Blood pool scan, gated 
and regional wall motion, 731 
in myocardial infarction, 739 
Blood pressure and general cardiovascular risk profile, 46 
Blood velocity alternans, phasic left ventricular, 541 
Blood volume 
cardiopulmonary, in essential hypertension, 332 
pulmonary, in normal subjects, 751 
Books received, 138, 274, 545 
Bradycardia and electromechanical dissociation, 268 
Brain infarction, atherothrombotic, and general cardiovascular risk 
profile, 46 
Bundle branch block 
left, myocardial imaging in, 422 
right, and ''early repolarization syndrome," 157 
Bundle branch disease, bilateral, electrophysiologic and pathologic 
k studies in, 508 


Candida myocarditis without valvulitis, 924 
e_ Cardiac arrest, functional, in Wolff-Parkinson-White syndrome, 149 
1 Cardiac output 
after nitroprusside in severe aortic regurgitation, 564 
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Cardiac output : 
in essential hypertension, 332 | 
Cardiomegaly in Kugelberg-Welander syndrome, 528 $ 
Cardiomyopathy e i 
alcoholic, reversibility of, 673 
and Candida myocarditis, 924 
in infants and children, echocardiogram to detect, T3 
in Kugelberg-Welander syndrome, 528 
restrictive, constrictive pericarditis and cardiac amyloidosis, 547 
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Cardiovascular nuclear medicine units, organization of, 761 
Cardiovascular risk profile, general, 46 ° T 
Catecholamines 3 
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as | 


sensitizing factor to, in hypertension, 768 
Cerebral vascular disease and hypertension, 786 | 
Chamber stiffness versus muscle stiffness and left ventricular com- 
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Chest pain in aortic valve disease as predictor of coronary artery dis- 
ease, 863 3 
Chest wound, complete heart block with split His potentials after, | 
388 P 
Cigarette smoking and general cardiovascular risk profile, 46 E 
Claudication, intermittent, and general cardiovascular risk profile, 3 
46 4 
Clindamycin, intramuscular, for infective endocarditis, 929 3 
Clonidine, renin and aldosterone suppression in antihypertensive action — é 
of, 825 E 
Coarctation of aorta and discrete subvalvular aortic stenosis, 53 ` 


Computer analysis 
of echocardiogram, 117 
simple method for, 34 
of electrocardiogram, 394 
limitations of, 362 
of premature ventricular complexes, 440 
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Conduction D 

atrioventricular nodal, preceding atrial-His interval as determinant Y 

of, 889 E E 

electrophysiologic effects of atropine on, 429 E 

Conduction disturbances d 

antiarrhythmic effects of drugs on, 119 v 

atrioventricular, in Kugelberg-Welander syndrome, 528 [- 

in Candida myocarditis, 924 F 

in congenitally corrected transposition of great arteries, 383 A 

in prosthetic valve endocarditis, 281 ^ 

myocardial imaging in, 422 A 

Conduction system, pathologic studies of D. 

in bundle branch disease, 508 d 

in complete heart block with split His potentials, 388 D. 

Congenital heart defects d 

(see also Pediatric cardiology) bc: 

aortic stenosis, congenital, long-term follow-up of valvulotomy for, — 

231 d 

complete heart block in congenitally corrected transposition of great 
arteries, 383 


double outlet left ventricle, 897 
double outlet right ventricle, 85 
echocardiography in, 722 j 
mitral valve malformation of Ebstein's type, 109 
mitral valve prolapse in Ebstein's anomaly of tricuspid valve, 377 
nuclear angiocardiograms in, 722 
postoperative pathology of, 225 
risk of recurrence of in families, 218 be 
single ventricle, echocardiogram in, 80 1 
transposition of great arteries 
d-, pulmonary arteries in, 452 
dextro-, echocardiogram after Mustard operation for, 67 
pacemaker recovery time after surgery for, 448 
pulmonary blood flow in, 62. * 3 
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Congenital heart defects Death, sudden 
radioactive tracers in, 711 and pef manent pacing for trifascicular block and acute myocardial 
unilateral pulmonary arterial stenosis with contralateral pulmonary infarction, 205 
: hypertension, surgery for, 257 in Wolff-Parkinson-White syndrome, 149 
Conotruncal malformation and double outlet left ventricle, 897 Deoxycorticosterone (DOC) excess and hypertension, 805 
Contraceptive agents, oral, and myocardial infarction in young women, Dermatoglyphics and mitral valve prolapse, 588 
299 DHEA-S excess in hypertension, 805 
Corneal microdeposits after amiodarone therapy, 934 Diabetes mellitus, treatment of, and primary ventricular fibrillation in à 
Coronary arteries N acute myocardial infarction, 100 
anomalies of, in idiopdthic hypertrophic subaortic stenosis, 12 Diet 
in Hurler syndrome, 487 diabetic, and ventricular fibrillation in acute myocardial infarction, 
left anterior descending, obstruction of, and coronary collateral 100 o 
circulation, 305 high sodium-low potassium, and hypertension, 768 
right Digitalis 
obstruction of, and coronary collateral circulation, 305 absence of, in quinidine-induced ventricular flutter and fibrillation, 
occlusion of, vectorcardiogram in, 568 519 
Coronary arteriography inotropic effect of, sympathetic nervous system and, 397 
(see also Angiography) Digoxin, oral maintenance, and ventricular performance in normal 
in idiopathic hypertrophic subaortic stenosis, 12 subjects, 843 
| selection of patients for, 533, 536, 537 16 a, 18-diOH DOC excess in hypertension, 805 
-. Coronary artery disease Dobutamine in coronary artery disease, 103 
— (see also Coronary heart disease) Double outlet left ventricle, morphology, cineangiographic diagnosis 
and left bundle branch block, myocardial imaging in, 422 and surgical treatment, 897 
and vectorcardiographic criteria for diaphragmatic infarction, 568 Double outlet right ventricle and double outlet left ventricle, 897 
dobutamine in, 103 Drug testing with quinidine, acute oral, 677 
in idiopathic hypertrophic subaortic stenosis, 12 Ductus arteriosus, patent 
left anterior descending, medical versus surgical therapy for, 130 and pulmonary arteries in transposition of great arteries, 452 
left ventricular contraction in, 322 comparative ventricular response to volume overload in, 209 
nitroglycerin ointment for, 162 echocardiogram in, 73 
plasma heparin neutralizing activity in, 9 in congenitally corrected transposition of great arteries, 910 
radioactive tracers in, diagnosis of, 722 Dyskinesia, ventricular, vectorcardiogram and electrocardiogram in, 
regional myocardial blood flow in, 416 582 
right ventricular asynergy in, 557 Dysrhythmias 
surgery for, 533 | (see also Arrhythmias) 
with obstructive aortic valve disease, 863 after surgically induced autonomic imbalance, 178 
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_ Coronary atherosclerosis (see Atherosclerosis, Coronary artery disease, 


Surgery, coronary bypass) 


-- Coronary care unit, radionuclide studies in, 751 Early repolarization syndrome, long-term evaluation of, 157 
i Coronary circulation, pathophysiologic studies of, 751 Ebstein's anomaly of tricuspid valve and mitral valve prolapse, 377 
Coronary collateral vessels Ebstein's disease of mitral valve, 109 
after coronary occlusion, isoproterenol and, 880 Echocardiography 
functional significance of, 305 after Mustard operation for dextrotransposition of great arteries, 
Coronary embolism and myocardial infarction in young women, 299 67 
Coronary heart disease and paradoxical motion of interventricular septum with right ven- \ 
(see also Coronary artery disease) tricular dilatation, 654 p 
and general cardiovascular risk profile, 46 and porcine aortic bioprosthesis in the mitral position, 293 ^ 
hypertension in, 786 and systolic time intervals to assess left ventricular performance in 
newer understanding of Q waves in, 662 mitral regurgitation, 831 
-. Coronary occlusion and ventricular function 
: and ventricular contraction abnormality, electrocardiogram and during oral digoxin therapy in normal subjects, 843 
, vectorcardiogram in, 582 in fixed aortic stenosis, 611 
: experimental, propranolol in, 689 computer analysis in, 117 
- .. glucose-insulin-potassium in, 310 simple method for, 34 
x | irreversible myocardial changes after, 599 diagnostic, clinical appraisal of, 722 
-isoproterenol and coronary steal after, 880 in acute rheumatic fever, 458 
— Coronary perfusion after dobutamine, 103 in infected atrial myxoma, 658 
_ Coronary reperfusion and myocardial function and dimensions, 599 in hypoplastic left heart syndrome, 337 
^ . Coronary spasm in Kugelberg-Welander syndrome, 528 
in myocardial infarction, 665 in mitral anular calcification, 836 
spectrum of, 945 in single ventricle, 80 
— Coronary steal and isoproterenol after coronary occlusion, 880 in tricuspid valve endocarditis, 502 
_, Coronary vasculitis and myocardial infarction in young women, 299 to assess severity of aortic stenosis in children and adolescents, | 
-. Corticosteroid therapy in acute rheumatic fever, 458 620 . / 


- Death, sudden versus modified ultrasonic technique to assess ventricular wall _-« 


to detect large left to right shunts and cardiomyopathies in infants 
and children, 73 


and hypertension, 786 thickness changes, 870 
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Echoventriculography in acute myocardial infarction, 1 
Edema after coronary reperfusion, 599 
Ejection fraction 
after acute myocardial infarction, radionuclide angiography to 
measure, 407 
and nuclear stethoscope, 747 
and ventricular dynamics during systole, 322 
radionuclide calculation of, 731 
Electrocardiography 
ambulatory monitoring 
lithium therapy and, 701 
versus acute oral drug testing, 677 ` 
and body surface potential maps in inferoposterior myocardial in- 
farction, 576 
and vectorcardiographic criteria for diaphragmatic infarction, 568 
and vectorcardiography in coronary occlusion and myocardial con- 
traction abnormality, 582 
computer analysis in, 394 
limitations of, 362 
of ventricular premature complexes, 440 
epicardial, after glucose-insulin-potassium in myocardial infarction, 
310 
exercise, lithium therapy and, 701 
in Candida myocarditis, 924 
in coronary heart disease, 662 
in “early repolarization” syndrome, 157 
in electromechanical dissociation, 268 
in idiopathic hypertrophic subaortic stenosis and coronary artery 
disease, 12 
in unstable angina pectoris, 479 
with aortic valve disease, 863 
Electromechanical dissociation, diagnostic considerations in, 268 
Electron microscopic study of cardiac rhabdomyoma, 241 
Electrophysiologic studies 
in bundle branch disease, 508 
in complete heart block with split His potentials, 388 
in Kugelberg-Welander syndrome, 528 
in sinus nodal dysfunction, atropine and, 848 
in Wolff-Parkinson-White syndrome, 149 
of amiodarone, 934 
in Wolff-Parkinson-White syndrome, 189 
of antiarrhythmic drugs, 119 
of atropine 
in human sinus node and atrium, 429 
in sinus nodal dysfunction, 848 
of nitroglycerin and ventricular fibrillation threshold in nonischemic 
myocardium, 184 
of pacemaker recovery time after surgery for transposition of great 
arteries, 448 
to localize complete heart block in congenitaliy corrected transpo- 
sition of great arteries, 383 
Embryology 
of cardiac rhabdomyoma, 241 
of mitral valve prolapse, 588 
Endocarditis, infective 
and atrial myxoma, 658 
and false aneurysm of left ventricular outflow tract, 959 
intramuscular clindamycin for, 929 
prosthetic valve, 281 
tricuspid valve, echocardiogram in, 502 
Enzymes, serum, after glucose-insulin-potassium therapy, 95 
Exercise 
and cardiac dysrhythmias in conscious dog with autonomic imbal- 
ance, 178 
hemodynamic response to, after nitroglycerin ointment, 162 
Exercise testing 


^. and computer electrocardiography, 362 
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Exercise testing 
and myocardial imaging in left bundle branch block, 422 
during lithium therapy, 701 
in frequent ventricular ectopy in healthy subjects, 141 x 
versus atrial pacing, 542 
Extrasystole threshold, repetitive, and ventricular fibrillation threshold, 
594 


e 
Fiber shortening, circumferential, mean velocity of 
echocardiogram and, 73 
in acute rheumatic fever, 458 


_ Fingerprints and pathogenesis of mitral valve prolapse, 588 
Free fatty acids after glucose-insulin-potassium in myocardial infarction, X 
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Family studies 
atrial myxoma in a family, 253 
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cardiac malformations in 2,000 families of children with cardiac — 


defects, 218 
Fontan operation in tricuspid atresia, 235 
Framingham Study, general cardiovascular risk profile from, 46 


Genetic factors and familial cardiac defects, 218 
Glenn shunt in tricuspid atresia, 235 


Glucose, excess, and glycolytic metabolism during myocardial ischemia, — 1 


17 
Glucose-insulin-potassium 
in acute myocardial infarction, 310, 667 
in myocardial ischemia, 17 
Glycolysis 


anaerobic, after glucose-insulin-potassium in myocardial infarction, 


310 
and electrogenesis, 398 
Glycolytic metabolism during myocardial ischemia, 17 
Graft, vein, patency of, after aortocoronary bypass, 856 


Hamartoma, fetal, and cardiac rhabdomyoma, 241 


Heart, canine versus baboon, and glucose-insulin-potassium in myo- 


cardial infarction, 310 
Heart block 
atrioventricular 
and rate hysteresis pacemaker, 685 


complete, in congenitally corrected transposition of great arteries, . 


383 
with split His potentials after stab wound of heart, 388 


transient trifascicular, and acute myocardial infarction, permanent — 


pacing for, 205 
Heart disease 
(see specific type) 
Heart failure, congestive 
and chamber stiffness, 645 
and coronary collateral circulation, 305 
and echocardiogram in hypoplastic left heart syndrome, 337 
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and mean velocity of circumferential fiber shortening in acute — 


rheumatic fever, 458 

nitroglycerin ointment in, 469 
Heart murmur 

holosystolic ejection, 544 

radionuclide tracers in, 7 11 
Heart volume and ischemic heart disease, 131 
Hemiblock, left anterior 

diagnosis of, 132 

pathologic basis for, 508 
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; Hemedynamics 
after acute myocardial infarction, 407 
after nitroprusside for severe aortic regurgitation, 564 
' after propranolol in acute mvocardial infarction, 689 
dobutamine and, 103 
during exercise after nitroglycerin ointment, 162 
in acute myocardial infarction, 1 
-in atrial septal defect, 209 
in cardiac amyloidosis, constrictive pericarditis and restrictive car- 
diomyopathy, 547 
in complete levotransposition of great arteries with subaortic ven- 
tricular septal defect, 344 
in coronary spasm, 945 
in discrete subvalvular aortic stenosis, 53 
in double outlet right ventricle, 85 
in essential hypertension, 332 
in maldistribution of pulmonary blood flow in d-transposition of great 
arteries, 352 
in patent ductus arteriosus, 209 
in truncus arteriosus with previous pulmonary arterial banding, 
626 
of hyaluronidase in acute myocardial infarction, 28 
of nitroglycerin ointment 
in congestive heart failure, 469 
in myocardial infarction, 474 
—. Of oral digoxin therapy in normal subjects, 843 
_ Heparin neutralizing activity, plasma, in coronary artery disease, 9 
- Hepatic enzymes after glucose-insulin-potassium therapy, 95 
- Heroin-related infective endocarditis, clindamycin for, 929 
— His bundle studies (see Electrophysiologic studies) 
_ Hurler syndrome, heart in, 487 
. Hyaluronidase in acute myocardial infarction, 28 
-.38-Hydroxy-1 1-deoxycorticosterone in hypertension, 814 
_ Hyperemia, regional, induced by contrast agent in patients with coronary 
; artery disease, 416 
_ Hyperglycemia after glucose-insulin-potassium therapy, 95 
_ Hyperkalemia after glucose-insulin-potassium therapy, 95 
. Hypertension 
(see also Symposium on Hypertension) 
adrenocortical factors in, 814 
and coronary insufficiency, 786 
and high sodium-low potassium environment, 768 
and propranolol in myocardial revascularization, 696 
essential, cardiac output in, 332 
high renin, plasma catecholamines in, 801 
in atherosclerosis and cardiovascular disease, 786 
low renin, versus mineralocorticoid excess, 805 
—. new mineralocorticoids and adrenocorticoids in, 805 
pulmonary 
and congenital unilateral pulmonary arterial stenosis, surgery for, 
257 
and false aneurysm of left ventricular outflow tract, 959 
pulmonary venous, pulmonary blood volume in, 751 
- Hypertensive heart failure and general cardiovascular risk profile, 
| 46 
i Hypertrophic subaortic stenosis, echocardiography in diagnosis of, 
722 
- Hyperglycemic drugs, oral, and ventricular fibrillation in acute myo- 
! cardial infarction, 100 
Hypokalemia and hypermineralocorticoid state, 814 
Hypoplastic left heart syndrome, echocardiographic spectrum of, 
| 337 
- Hypotension after tolamolol, 195 
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idiopathic hypertrophic subaortic stenosis, spectrum of coronary artery 
disease in, 12 
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Infant mortality in families of children with and without congenital cardiac 
defects, 218 
Infections after surgery for congenital heart disease, 225 
Inotropic agents in coronary artery disease, 103 
Insulin 
and ventricular fibrillation in acute myocardial infarction, 100 
excess, and glycolytic metabolism during myocardial ischemia, 
17 
Interatrial baffle, echocardiographic localization of, after Mustard op- 
eration for dextrotransposition of great arteries, 67 
Interventricular septum, garadoxical motion of, and right ventricular 
dilatation with@ut shunting, 654 
Intimal proliferation after aortocoronary bypass, 856 
Intraaortic balloon pumping in acute myocardial infarction, 668 
Ischemic heart disease 
heart volume and, 131 
tolamolol in, 195 
Isoproterenol 
and coronary steal after coronary occlusion, 880 
and neurogenic T wave changes, 170 
Isovolumic power and rate of change of power and myocardial con- 
tractility, 123 


Kugelberg-Welander syndrome, cardiac involvement in, 528 


Lidocaine, antiarrhythmic effects of, 119 

Lipids 
abnormality of, and myocardial infarction in young women, 299 
arterial, in hypertension and atherosclerosis, 786 

Lithium and cardiovascular performance, 701 

“Loop” rule in complete levotransposition of great arteries, 344 
Lymphatics and myocardial function, 964 


Maps, body surface potential, and evidence for inferoposterior myo- 
cardial infarction, 576 
Methicillin versus clindamycin for Staphylococcus aureus endocarditis, 
929 
Microelectrode studies of antiarrhythmic drugs, 119 
Mineralocorticoid-hypertensive syndrome, 805 
Mineralocorticoids, new, in hypertension, 805 
Mitral anulus, calcification of, echocardiographic and clinical spectrum 
of, 836 
Mitral atresia and hypoplastic left heart syndrome, 337 
Mitral insufficiency and mitral anular calcification, 836 
Mitral regurgitation 
correction of reference to, 133 
degenerative, surgical treatment of, 463 
left ventricular performance in, echocardiography and systolic time 
intervals to assess, 831 
versus Cardiopathy in acute rheumatic fever, 458 
Mitral stenosis and mitral anular calcification, 836 
Mitral valve 
and floppy valve syndrome, surgical treatment for, 463 
Ebstein type, malformation of, 109 
Mitral valve prolapse 
and dermatoglyphic patterns, 588 
and ostium secundum atrial septal defect, 167 
click syndrome, 271 
with Ebstein’s anomaly of tricuspid valve, 377 
Mitral valve surgery, temporary transvenous pacing after, 544 
Morphologic studies E 
in complete levotransposition of great arteries, 344 
in congenitally corrected transposition of great arteries, 910 
in double outlet left ventricle, 897 
of heart in Hurler syndrome, 487 
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Muscle stiffness versus chamber stiffness in ventricular compliance, 
645 * 
Mustard operation (see Surgery for transposition of great arteries) 
Myocardial contractility and isovolumic power and rate of change of 
power, 123 
Myocardial disease and muscle stiffness, 645 
Myocardial function 
and modified ultrasonic technique, 870 
lymphatics and, 964 
regional 
and coronary arterial reperfusion, 599 
in acute myocardial infarction, 1 * 
Myocardial imaging 
in left bundle branch block, 422 
perfusion 
clinical application of, 739 
during exercise testing, 722 
techniques of, 731 
Myocardial infarction 
acute 
after myocardial revascularization, propranolol for, 696 
and antiarrhythmic drugs, 119 
and coronary collateral circulation, 305 
and coronary spasm, 945 
and transient trifascicular block, permanent pacing for, 205 
diabetic therapy and primary ventricular fibrillation in, 100 
diaphragmatic, vectorcardiogram in, 568 
echoventriculography in, 1 
glucose-insulin-potassium for, 95, 310 
hyaluronidase and, 28 
imaging techniques to detect, 731 
in young women, 299 
inferoposterior, evidence for in surface potential maps, 576 
intraaortic balloon pumping in, 667 
left ventricular contraction in, 322 
myocardial perfusion imaging and blood pool scan in, 739 
nitroglycerin ointment in, 474 
nitroprusside in, 435 
perioperative, and surgery for unstable angina pectoris, 479 
plasma heparin neutralizing activity in, 9 
propranolol in, 689 
pulmonary blood volume in, 751 
radioactive tracers in diagnosis of, 722 
radionuclide angiography to measure left ventricular ejection 
fraction after, 407 
S-T elevation after, 543 
ventricular septal defect after, 956 
prior 
and right ventricular asynergy in coronary artery disease, 557 
transient Q waves after, 544 
Myocardial ischemia 
after coronary occlusion, time limit of, 599 
and antiarrhythmic drugs, 119 
and coronary steal, 880 
and ‘‘early repolarization” syndrome, 157 
glycolytic metabolism during, 17 
reduced, after propranolol, 689 
Myocardial metabolism 
after glucose-insulin-potassium therapy, 95 
in myocardial infarction, 310 
and bedside therapy, 667 
in coronary spasm, 945 
Myocardial oxygen-consumption, reduced after nitroprusside, 435 
Myocardial revascularization, monitoring myocardial oxygen tension 
after, 38 
Myocarditis 
Candida, without valvulitis, 924 
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Myocarditis 
Chagasic, amiodarone for, 934 
echocardiogram in, 73 
Myocardium 
after coronary occlusion and reperfusion, 599 
in Hurler syndrome, 487 
noninfarcted, and left ventricular function in myocardial infarction, 
1 d 
nonischemic, nitroglycerin and ventricular fibrillation threshold in, 


184 id 
Myxoma . J 
atrial | 
familial, 253 


infected, 658 
left, echocardiography in, 722 
in degenerative mitral regurgitation, 463 


Nerve, cardiac ventrolateral, in cardiac dysrhythmias in conscious dog, 
178 1 
Newborn 
echocardiogram in, 73 ^ 
and hypoplastic left heart syndrome in, 337 » 
radionuclide angiography in, 7 11 t 
Nitrates 
in coronary spasm, 945 
in unstable angina pectoris, 479 
long-acting, sublingual versus oral administration of, 401 
Nitroglycerin 
and ventricular fibrillation threshold in nonischemic myocardium, — 
184 3 
Nitroglycerin ointment 
and hemodynamic response to exercise, 162 
in acute myocardial infarction, 474 
in congestive heart failure, 469 
Nitroprusside 
for postinfarction ventricular septal defect, 956 
for severe aortic regurgitation, 564 
in acute myocardial infarction, reduced S-T segment elevation after, . 
435 * 
Noninvasive cardiac diagnostic techniques, clinical appraisal of, À 
722 ' 
Norms for peer review of selected in-hospital diagnoses, 275 
Nuclear medicine | | 
advances in (see Symposium on Advances in Cardiovascular Nuclear : 
Medicine) 
diagnostic, clinical appraisal of, 722 
units, cardiovascular, organization of, 761 
Nuclear stethoscope for generation of left ventricular volume curves, 
747 | 
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18-OH-DOC excess and hypertension, 805 

Organization of cardiovascular nuclear medicine units, 761 
Oxygen saturation in double outlet right ventricle, 85 

Oxygen tension, myocardial, after coronary bypass surgery, 38 
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Pacemaker * 
analysis systems, and computer electrocardiography, 362 | 
cardiac, recovery time after surgery for transposition of great arteries, 
448 

demand, versus rate hysteresis, 685 

medicolegal implications of, 129 

patient-activated radiofrequency, for supraventricular tachycardia, © 
200 

rate hysteresis, and cardiac arrhythmia, 685 

rechargeable silver-modified mercuric oxide-zinc cell for, 607 
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Pacing. 
atrial 


after surgery for transposition of great arteries, 448 
* rapid, patient-initiated, in supraventricular tachycardia, 200 
versus exercise testing, 542 
permanent 
and transient trifascicular block during acute myocardial infarction, 
205. 
'audit of results of, 127 
transvenous versus tHoracic, 127 
temporary transvenous, 'after mitral valve surgery, 544 
Papillary muscle rupture, myocardial imaging and blood pool scan in, 
739 
Parasystole and frequent ventricular ectopy in healthy subjects, 141 
Pathophysiologic studies of pulmonary and coronary circulations in man, 
| 751 
Pediatric cardiology 
(see also Congenital heart defects) 
- aneurysm of atrial septum in tricuspid atresia, 265 
aortic stenosis, discrete subvalvular, in childhood, 53 
~ complete levotransposition of great arteries with unusual subaortic 
e ventricular septal defect, 344 
congenitally corrected transposition of great arteries, 910 
double outlet left ventricle, 897 
-echocardiogram in 
~ for hypoplastic left heart syndrome, 337 
to detect large left to right shunts and cardiomyopathies in infants 
and children, 73 
echocardiographic assessment of aortic stenosis in children and 
B adolescents, 620 
- high sodium, low potassium diet in hypertension, 768 
inferior vena caval drainage into left atrium, masked abnormal, 
261 
- left ventricular function by echocardiography in children with fixed 
aortic stenosis, 611 
- mitral valve malformation of Ebstein's type, 109 
- mitral valve prolapse and ostium secundum atrial septal defect, 
| 167 
. myxoma, atrial, in a family, 253 
. radionuclide tracers in, 711 
rhabdomyoma, cardiac, clinicopathologic and electron microscopic 
study, 241 
rheumatic fever, acute, echocardiogram in, 458 
transposition of great arteries 
d-, asymmetric pulmonary blood flow distribution in, 352 
» echocardiogram after Mustard operation for, 67 
. pulmonary blood flow in, 62 


with intact ventricular septum and pulmonary vascular disease, 


524 
_ tricuspid atresia, results of treatment in 160 children, 235 
— truncus arteriosus and previous pulmonary arterial banding, hemo- 
dynamics in, 626 
7 valvulotomy for congenital aortic stenosis, long-term follow-up of, 
231 


p 


... volume overload, comparative response of ventricles to, 209 
Peer review of selected in-hospital diagnoses, norms for, 275 
Pericardial effusion 
- and mitral anular calcification, 836 
- and reversibility of alcoholic cardiomyopathy, 673 
nuclear angiocardiograms in, 722 
Pericarditis 
- and “early repolarization” syndrome, 157 
constrictive, restrictive cardiomyopathy and cardiac amyloidosis, 
547 
Phenylephrine 
- and oral digoxin therapy in normal subjects, 843 
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Phenylephrine 
and ventficular fibrillation threshold in nonischemic myocardium, 
184 
Platelet aggregation in coronary artery disease, 9 
Platelet function, abnormal, in atherosclerotic heart disease, 667 
Pleionaitema versus dilatation and hypertrophy, 67 1 
Polarizing treatment 
(see Glucose-insulin-potassium) 
Polarography to monitor myocardial oxygen tension and intramyocardial 
electrograms, 38 
Potassium, low, and high sgdium in hypertension, 768 
Potassium-43 for myocarflial imaging in left bundle branch block, 
422 
Practolol and tolamolol for cardiac arrhythmias, 195 
Preejection period, left ventricular ejection time ratio and left ventricular 
performance in mitral regurgitation, 831 
Preexcitation, unusual type of 
case report of, 670 
with short P-R interval, 669 
Preload and ventricular compliance, 645 
Pressure-volume relations, diastolic, and ventricular compliance, 
645 
P-R interval, short, in unusual type of preexcitation, 669 
Propranolol 
and hypertension in cardiovascular disease, 786 
and reduced myocardial ischemia, 689 
antiarrhythmic effects of, 119 
in coronary spasm, 945 
in myocardial revascularization, 696 
in unstable angina pectoris, 479 
Psychologic stress and ventricular electrical instability, 594 
Pulmonary arteries 
compression syndrome of, caused by false aneurysm of left ven- 
tricular outflow tract, 959 
congenital stenosis of, and pulmonary hypertension, 257 
in d- transposition of great arteries, 452 s 
Pulmonary arterial banding 
in tricuspid atresia, 235 
in truncus arteriosus, 626 
versus corrective surgery in, 113 
Pulmonary atresia in congenitally corrected transposition, 910 
Pulmonary circulation, pathophysiologic studies of, 751 
Pulmonary disease 
embolic, lung scanning in, 722 
obstructive, tolamolol for, 195 
vascular, and truncus arteriosus, 626 
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Mauricio B. Rosenbaum, Pablo A. Chiale, M. Susana Halpern, Ger- 
ardo J. Nau, Julio Przybylski, Raul J. Levi, Julio O. Lázzari and Mar- 
celo V. Elizari 


REVIEW 


Spectrum of Coronary Arterial Spasm. Clinical, Angiographic and 
Myocardial Metabolic Experience in 29 Cases. Leslie Wiener, 
Hratch Kasparian, Peter R. Duca, Paul Walinsky, Ronald S. Gottlieb, 
Frances Hanckel and Albert N. Brest 

CASE REPORTS 


Afterload Reduction in the Management of Postinfarction Ven- 
tricular Septal Defect. Paul L. Tecklenberg, John Fitzgerald, Basil 
I. Allaire, Edwin L. Alderman and Donald C. Harrison 


Pulmonary Arterial Compression Syndrome Caused by False 
Aneurysm of Left Ventricular Outflow Tract. Michael J. Cowley, 
James L. Wells, Jr., William P. Hood, Jr. and John W. Kirklin 
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HEAL TIME 


ECHOCARDIOGRAPHY 


The ECHOCardio VISOR — Third Generation — NEW Featyfes - 





320 Line Real Time 
paTIENT-NO+ 123456 DATE + 24-96-56 


+ 
FRAME NO:@S3963 SXI6CM 


DYNAMIC IMAGING by microprogramming, 
resulting in real-time cross-section heart images 
with 320 gray scale line resolution and a frame 
rate equal to T.V. standard. 


M-mode Scan 


er < 


ACCORDION GAIN CONTROL. Full dynamic 
echo amplification, adjustable over any desired 


diagnostic area from 1 cm upwards; allowing, for 


instance, M-mode scans of the 4 valves in one 
smooth scanning movement. 








[] | am interested in a quotation. 


Dual M-mode "i 


— 
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DUAL SIMULTANEOUS M-MODES. From the 
two-dimensional images, any two beams may 
be selected for M-mode display. Permits 
simultaneous visualization of both mitral and 
aortic valves, etc. 


M-mode 





PATIENT DATA can be displayed both on the 
two-dimensional images and on the strip-chart 
recordings. 








[] lam interested in lease rates. 3 operis ar 
[] lam interested in a demonstration. i 876 Ventura 
: : : Denver, Colorado 80011 
a Immediate interest for more : (303) 343-8330 
information. 
Name Title 
Address 
City BIBLE iL ee a Ts 
Telephone 





Gould Statham Disposable Diaphragm Dome 


Call or write for free samples 
of both Luer Lok and Linden fittings. 


It saves you money 
every time you throw it away. 


Reuse any P23 Series miniature 
transducer without costly and time 
consuming sterilization. 

Just throw the used dome away 
Replace it quickly and easily with 
a pre-sterilized dome, and elimi- 
nate costly transducer wear and 
tear during cleaning and 
sterilization. 

Gould Statham Disposable Dia- 
phragm Dome provides a sterile 
barrier to separate the patient 
from the transducer. Each dome 
has been leak-tested, packaged 
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and sterilized. Unlike most dia- 
phragm domes, clinically accept- 
able wave forms can be obtained 
without addition of liquid between 
transducer and the diaphragm. 


Pre-sterilized So Y Modi TA 10100 


"S 


plastic 
Disposable Diaphragm Domes 

















Gould Statham Disposable 
Diaphragm Domes are safe, 
convenient and economical. 

For more information, write 
Medical Transducer Sales 
Manager, Gould Inc., Measure- 
ment Systems Division, 

2230 Statham Blvd., Oxnard, 
CA 93030. Tel. (805) 487-8511. 


=a GOULD 
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Advanced-design parameter 
display, patient monitoring, 
biotelemetry... 


SERVOMED 

@ the new, third generation 
monitoring system for intensive/ 
coronary care 

@ compact, modular design, 
attractive, light weight 

@ digital display for all para- 
meters 

@ digital alarm settings 

e computer-compatible 

@ for bedside units choice of 
memory (storage) scope or 
greatly improved, conventional 
bouncing-ball scope 

@ this system complies with 
international safety recommen- 
dations e floating inputs 


MEDIVISION — for easy viewing 
and interpretation. 
Traces visible with constant 
brightness over full screen 
width. Alarm-triggering parame- 
ters simultaneously displayed 
in trace and digital form. 
Trace freezing at the touch of 
) — a switch on all channels. 
E i A , Multi-color trace display and 


— [ electronic grid optional. 
w 

4 wd 
M y 
MEMOPORT 
a portable tape recorder for ECG 
recordings on commercially 
available cassettes. Up to 13 
hours recording time per tape. 
The MEMOPORT ECG record- 
ings are ideal for the recognition 
of sporadic arrhythmias and the 


drawing up of long-term heart- 
rate profiles. 


MEDITEL MT 150 for transmission 
of ECG, blood pressure, tempe- 
rature, and respiration signals on 
1to 3 channels both at close and 
wide ranges. MEDITEL N with 
miniature transmitter for ECG- 
telemetering within a range of 
up to 200 m. 


HELLIGE GMBH 
H E L a e z Heinrich-von-Stephan-Straße 4 
D-78 Freiburg im Breisgau 


Telefon (07 61) 40111 


PARTNERS IN MEDICINE © telexo772705 


State-of-the-art equipment on the international medical market: 

HELLIGE means precision and reliability. Behind each piece of equipment 
stands our worldwide sales-service organization. Detailed brochures and 
our catalog, „Biomedical Technology” are waiting for you. 


USA Representatives: Litton Medical Electronics 
777 Nicholas Bivd. - Elk Grove - Ill. 60007 
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- Contraindications: Recent myocardial infarction, severe i O.K., Dr. Henderson— 





Nitroglycerin, s 
the landmark in angina relief, can 

also be the landmark in preventi 

of anginal attacks" OCT 


ITRO-BID 


nitroglycerin 
with 
Staying power 


It works. It keeps working. 
And we have the documentation. 











For the full facts, simply complete 


and mail this Coupon. 1276 88 


Indications: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as 
follows: Possibly effective: For the management, prophylaxis 
or treatment of anginal attacks. Final classification of the 
less-than-effective indications requires further investigation. 






TO: 

| Robert N. Henderson, M.D. 
120 Brighton Road 

| 





Clifton, N.J. 07012 








O Show me—Send comprehensive clinical 
and pharmacologic documentation brochure. 


O I'll prove it myself —Send clinical trial supplies as well. 


anemia, glaucoma, increased intracranial pressure, 
idiosyncrasy, hypotension. Í 
Precautions: For ORAL, not sublingual, use. If blurring of 
vision or dryness of mouth occurs. discontinue drug. Toler- | 
ance may develop on long-term usage. 

Adverse Reactions: Occasional transient headaches. 


Overdoses may cause flushing, headaches, tachycardia, Dr 








——— LABORATORIES, INC. 
KANSAS CITY. MISSOURI 64137 


dizziness. | | (please print) 
Dosage: One capsule two or three times daily at 8 to 12- | 
hour intervals. 
Patient benefit products from eee dept | (street & number) (city) (state & zip) 
MM N | 
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‘A Kendall Research Report 





ClinicalStudies prove 
ntiEmbolism Stockingsreduce ' 
the incidence of Deep Vein Fhrombosis. . 








T wo recently completed studies provide 
clinical evidence that T.E.D. Anti-Embolism 
| Stockings effectively reduce the incidence of 
thee MEME cep vein thrombosis (DVT). 

In one study, I?*5 fibrinogen was used to 
measure the incidence of DVT in 65 patients 
undergoing major abdominal surgery.One i 
leg ofeach ofthe patients was fitted with a 
T.E.D. Anti-Embolism Stocking. The other 
was left non-compressed. 

Scanning ofthe patients revealed over 
four times as many cases of deep vein 
thrombosis in the non-stocking group 
asin the stocking group. 

In the other study, radioactive I135 fibrino- 
gen was also used. Seventy major surgical 


D | FETTETTORIIT 63 
Incidence of DVT 21 


ControlGroup Tes sou patients were divided into two groups 
aad ees § matched for age, type of operation, duration 
of operation, and incidence of malignancy. 
; One group was fitted with T.E.D. Anti- 
Incid f DVT ‘50% 
"ra Embolism Stockings pre-operatively. The ) 
control group was non-compressed. oi 


The results showed that T.E.D. Anti- 
Embolism Stockings reduced the incidence 





of DVT by half? 
For a more detailed account ofthe two 
1. Ibrahim, S. Z., Scurr, J. H., and LeQuesne, L. P. "The Effect of Graded studies and reports on other recent research, 
Compression (TED) Stockings on the Incidence of Post-Operative wTji 
Deep Vein Thrombosis." Eleventh Congress of the European Society ite The Kendall Comp any, One Federal 
for Surgical Research, Dublin 1976. Street, Boston, Mass.02101. 
2. Holford, C. P., and Bliss P. M., "The Effect of Graduated Static Com- Attention: T E D. Product Center 


pression on Isotopically Diagnosed Deep Vein Thrombosis of the 


Leg.” Surgical Research Society, Winter Meeting, Royal College of 
Surgeons, January 1976. KENDALL 


INNOVATORS IN PATIENT CARE 





CONTRAINDICATIONS Stockings may not be recommended for PRECAUTIONS: 

patients with the following: 1. Proper sizing and application must be assured. { 

1. Any local leg condition in which stockings would interfere, such as: 2. For full-leg style T.E.D.’s, avoid interference of site panels or ; 
a. dermatitis, b. vein ligation (immediate post-operative), waistband with incisions, drainage tubes, catheters, or other 
c. gangrene, d. recent skin graft. exterior devices. 4 

&. Severe arteriosclerosis or other ischemic vascular disease. CAUTION: Federal law restricts this device to sale by or use on the 

. 9. Massive edema of legs or pulmonary edema from congestive heart order of à physician. S 

failure. ; e 


4. Extreme deformity of leg. “1976 the Kendall Company 


A74 ` ; - 


Anti- Embolism Stockings 


The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 


sis...a. dangerous precursor to pulmo admissions. Simple to apply, easy to idola: i 3 EE 
O ism. Diagnosis? Inconsistent. Probabil- Your Kendall salesman is professionally trained EN 
dence following surgery? Significant. _ to help you implement a total prophyl lactic Vid pro- — 
n ne Rad Stockings substantially gram in your hospital. Inservice guides, programs, ae ; 
ance That’s a clinically proven fact. ^ ^ tape measures, and fitting charts rine he ow : 
is yea rs of Began enh Posti sibility of incorrect fit, i improper use. io ts; 1 DER "hl 
e that claim. — E |. TE.D—Low cost medical insurance e agair ^ 
olism ‘Stockings are like no thromboembolic disease for the doctor, r 
n A Shokan ea con- hospital. | Side hd 1 
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200 EAST ECKERSON ROAD 


olter Monitor 
Give-Away 


Dear Doctor, è 








With regard to your inquiry about our Holter Monitor give-away 
program and scanning service -YES, IT'S TRUE - WE ARE GIVING IT AWAY- 


C HEAPER 
and B ETTER 
and S WIFTER 
So, if you're going to do it, and you really can't afford not to, 


DO IT RIGHT! 


The two minute EKG is no longer enough...24 hours of two channel, 
ambulatory monitoring is the thing now. 


Let us help you. We'll give you a recorder, tell you when, where, 
and why to use it. We'll spoil you with service. Then you'll join 
our long and constantly growing list of happy clients who benefit 
from our slogan.... 

"WE NEVER MISS A BEAT" 


You've come this far, why not finish the page? Just fill in the 
information we need and we'll send back the information you need. 


It may be just what the doctor ordered...so...do it...now! 


Sincerely, 
P.S. VERY IMPORTANT: 
Every computerized scan is double cafes (o9 
checked by our resident cardiologist, Sa ee 


Dear CBS: 
Sounds VERRY INTERRESTING! Go ahead - send it. 


Name 





Address 





City State Zip 


Hospital 





Phone ( ) 


CARDIO-BIONIC-SCANNING-ING, — ese us 
a SPRING VALLEY, N.Y. 10977 





SPRING VALLEY, N.Y. 10977 Telephone 914-425-1838 
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For Critical Ca 


PRACTITIONERS’ 
DERMATOLOGY 


By Richard L. Sutton, Jr., M.D. and 
Morris Waisman, M.D. 


, 4 THE PRACTITIONERS’ DERMATOLOGY is 
written especially for the busy practitioner. 
“Practical medicine, while it differs from academic 
and investigative, is eminently worthy” (Preface, 
The Practitioners’ Dermatology$—this orientation 
pervades every discussion of structure, function, 
etiology and treatment in the book. 


HERE’S WHAT REVIEWERS 

ARE SAYING: 

“A notable contribution to dermatology” 

"The first text in years that uses simple words and no 
circumlocutions and gives straightforward opinions 
and advice" 

‘Ideal for practitioners" 

"Will be well received by not only practitioners and 
medical students but by dermatologists as well" 


Drs. Sutton and Waisman have divided the text 
into 22 chapters; the first 6 present clear, 
understandable discussions of the structure, 
physiology, etiology, diagnosis and treatment of 
the skin and its general dis- 
eases; the last 16 chapters 
present the specific der- 
matoses, abnormalities and 
diseases organized by 
causative factors. Over 600 
illustrations and an excellent 
index round out this com- 
prehensive book. 
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Use Infrasonde for accura 
blood pressure 


The Infrasonde® Electronic Blood Pressu) 
(Model 3000) for critically ill patients t 
and conditions. This specially designe 
blood pressure monitor works well or 
mature neonate and the very obese adul 

The unique infrasonic pulse detecti: 
utilized on the Infrasonde is so sen: 
determinations can often be made when : 
eral pulse is detectable by either pal 
auscultation. Infrasonde detects arterial \ 
at sub-audible frequencies. The signal is 
to an AM-FM modulated audio tone 
systolic and diastolic determinations. . 
gain control provides a more accurate 
reading. 

Infrasonde’s improved transducer is m 
and less expensive than those on ultrason 
Although theoretically the monitor may | 
by interference from some electro-surgic 
the company has received no reports o 
terferences. And, unlike doppler ultrason 
no energy is put into the body. Thus, : 
placement is less critical and requires n 

It’s completely portable. (6.2 pound 
battery operated with automatic on/off. 


dermatology 


YORKE MEDICAL BOOKS, 
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1 4 different cuff With a en U 

666 Fifth Avenue, N.Y., N.Y. 10019 AJC 12/76 sizes, for range of cuffs dif] 

neonate to “iti ei trai 

Please send me copies of THE PRACTITION- nes RUNE HC aS HAE Bid 

ERS' DERMATOLOGY. The price is $30.00. for use with the e obtained on trai 

: small pre- the thigh, calf con 
: t t. 

O Payment enclosed (Publisher absorbs handling css ds gina he s ni 

charge)* upper arm. effe 

Ine 

vib 


O Bill me. Add $1.00 for handling charge.* 
For complete information call or write: 








4 Name 
Address — "1 Marion Scientific Corporati: 
i IVE a Marion Laboratories Company 
Clty ER Fes Pg Ae d Zi 9233 Ward Parkway 
v 4 " T Kansas City, Missouri 64114 


e "Foreign orders: Add $2.00 for surface shipment; $4.00 for air Phone (816) 361-6222 
dein In New York State add appropriate sales tax. EL 
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LDOMET S06 
ny 


METHYLDOPA MSD) 500-ny TABLETS 





OFFERS B.LD. 
GONVENIENGE 
WHEN HIGHER 

DOSAGE 
_ FS INDICATED 


e When appropriate. ALDOMET 500-mg tablets may drug, and if previous methyldopa therapy has been 
be useful when higher dosage (1.0 gtoa maximum associated with liver disorders. 


of 3.0 g a day) is required to control the blood ie . re 
pressure adequately. It is important to recognize that a positive 


'e Why convenient. A b.i.d. schedule with ALDOMET Coombs test, hemolytic anemia, and liver disorders 
500-mg tablets may mean fewer doses a day may occur with key A P 
for the patient and fewer tablets per dose. This deis diuo E Rd m SM or liver 
convenience helps encourage patient compliance SUITS S COUNT Ar to pourra 


i fatal complications unless 
with the regimen. (Please see Addendum on 
following page for more information on dosage.) properly recognized and managed. MSD 


ALDOMET (Methyldopa, MSD) is contraindicated For more details see the brief sum- SHARE 
N in active hepatic disease, hypersensitivity to the mary of prescribing information. OHM 














"n. 





For a brief summary of prescribing information, please see following page. 
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‘in E rartention 
TABLETS: 250 mg, 500 mg, and 125 mg 


ALDOMET 
(METHYLDOPA| MSD) 


Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
- methyldopa thefMpy has been associated with liver 
. disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test,.hemolytic anemia, and 
liver disorders may oocur with methyldopa 
therapy. The rare occurrences of hemolytic 
anemia or liver disorders-could lead to poten- 
_ tially fatal complications unless properly recog- 
nized and managed. Read this section carefully 
he to understand these reactions. 
- With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
- usually between 6 and 12 months of therapy. Lowest 
_ incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
- anemia, which could lead to potentially fatal com- 
$ plications. One cannot predict which patients with a 
- positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
- direct Coombs test is not in itself a contraindication 
- to use of methyldopa. If a positive Coombs test 
-develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
- positive Coombs test may be a problem. For exam- 
- ple, in addition to a positive direct Coombs test 
- there is less often a positive indirect Coombs test 
- which may interfere with cross matching of blood. 
- At the start of methyldopa therapy, it is desirable to 
- doa blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
| anemia. Periodic blood counts should be done dur- 
ing therapy to detect hemolytic anemia. It may be 
* - useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
eon may be methyldopa and the drug should be 
_ discontinued. Usually the anemia remits promptly. 
“If not, corticosteroids may be given and other 
- Causes of anemia should be considered. If the 
- hemolytic anemia is related to methyldopa, the drug 
"Should not be reinstituted. When methyldopa 
causes Coombs positivity alone or with hemolytic 
anemia, the red cell is usually coated with gamma 
- globulin of the IgG (gamma G) class only. The posi- 
tive Coombs test may not revert to normal until 
weeks to months after methyldopa is Stopped. 
- Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
ind test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
- direct Coombs test will be positive. A positive direct 
-. Coombs test alone will not interfere with typing or 
-eross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
"match and the assistance of a hematologist or 
É transfusion expert will be needed. 
oer has occurred within first 3 weeks of therapy, 
-sometimes with eosinophilia or abnormalities in 
-liver function tests, such as serum alkaline 
- phosphatase, serum transaminases (SGOT, SGPT), 
- bilirubin, cephalin cholesterol flocculation, 
- prothrombin time, and bromsulphalein retention. 
E Jaundice, with or without fever, may occur, with 
onset usually in the first 2 to 3 months of therapy. In 
t Some patients the findings are consistent with 
those of cholestasis. Rarely fatal hepatic necrosis 
has been reported. These hepatic changes may 
represent hypersensitivity reactions; periodic de- 
termination of hepatic function should be done par- 
: ticularly during the first 6 to 12 weeks of therapy or 
_ whenever an unexplained fever occurs. If fever and 
- abnormalities in fiver function tests or jaundice ap- 
- pear, stop therapy with methyldopa. If caused by 
- methyldopa, the temperature and abnormalities in 
 ]iver function characteristically have reverted to 
«ormal when the drug was discontinued. 
- Methytdopa should not be reipsptuted in such 
patients. 


ot 


A80 


PIS a he oa RR ee ALCS ieee RO: iY Y 
E n 5E 2 * 2 qd ` "ee. £L. 


fe 


Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to 
detect side reactions or unusual manifestations of 
drug idiosyncrasy. 

Use in Pregnancy: Use of any drug in women who 
are Or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May interfere with 
measurement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromotytoma is subjected to surgery. Methyldopa 
is not recommended for patients with pheochromo- 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 

Stop drug if involuntary choreoathetotic move- 
ments occur in patients with severe bilateral 
cerebrovascular disease. Patients may require 
reduced doses of anesthetics; hypotension occur- 
ring during anesthesia usually can be controlled 
with vasopressors. Hypertension has recurred after 
dialysis in patients on methyldopa because the 
drug is removed by this procedure. 

Adverse Reactions: Centra/ nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell’s palsy, decreased 
mental acuity, involuntary choreoathetotic move- 
ments; psychic disturbances, including nightmares 
and reversible mild psychoses or depression. 


Cardiovascular: Bradycardia, aggravation of an- 
gina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weight gain) usually 
relieved by use of a diuretic. (Discontinue 
methyldopa if edema progresses or signs of heart 
failure appear.) 

Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of 
mouth, sore or “black” tongue, pancreatitis, 
sialadenitis. 

Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast 
enlargement, gynecomastia, lactation, impotence, 
decreased libido, dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult. dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100; Tablets, con- 
taining 250 mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000; 
Tablets, containing 500 mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see ful! prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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DOSAGE 
FNFORMATION ON 
ALDOMET® > 
(Methyldopa | MSD) | 


Adults 

initiating therapy 

* 250 mg b.i.d. or t.i.d. the first 
48 hours 

» increase or decrease, preferably 
at intervals of not less than two 
days, until response is adequate 

e start dosage increases in the 
evening to minimize sedation 

» adjusting dosage may prevent 
morning hypotension without 
losing control of afternoon blood 
pressure 

» when ALDOMET is added, the 
dosage of thiazides need not 
be changed 

» when given with antihyperten- 
sives other than thiazides, the 
dose of these agents may have to 
be adjusted and the starting 
dosage of ALDOMET should be 
limited to 500 mg daily in 
divided doses 


maintaining therapy 

» usually 500 mg to 2.0 g daily in 
two to four doses 

* maximum recommended daily 
dose is 3.0 g 

* occasional tolerance may occur, 
usually between the second and - 
third month of therapy; adding 
a diuretic or increasing the 
dosage of ALDOMET frequently 
restores effective control 

» patients with impaired renal 
function may respond to lower 
doses; syncope in older patients 
may be related to an increased 
sensitivity and advanced arterio- 
sclerotic vascular disease and 
may be avoided by lower doses 


Children 

» initial dosage is based on 10 mg/kg 
of body weight daily in two 
to four doses 

« increase or decrease daily dosage 
until adequate response is 
achieved 

» maximum dosage is 65 mg/kg 
or 3.0 g daily, whichever is less 





A New Temporary 
Atrial Pacing Electrode 
(T.A.P.E.) 


introducing a Stable, 
New Atrial Pacing Loop 


Insertion and placement is sent and effective. 
Manufactured for USCI by Medical Testing Systems, Inc., Fountain Valley, 


Calilornia 92708. Patent No. 3,757,773 and other U.S. and foreign 


patents pending. 


emnit us to Shier you. a sterilized kit consisting 
of one T.A.P.E., interfacing Connector, and Catheter 
for the preview price of $90. For your new T.A.P.E. 
kit, fill out coupon, staple to your letterhead, 
and mail. 








INDICATIONS: USCI* Temporary Atrial Pacemaker Electrodes are 
designed for intracardiac EKG and temporary transvenous pacing of the 
heart via external pulse generator. 


CAUTION: Federal law restricts this device to sale by or on the order of 
a physician. 


WARNING: T.A.P.E. Kit should not be used in patients with second or third 
degree heart block. 


The capture threshold may rise over a period of days and the milliamperage 
output may need to be increased with longer-term atrial pacing. 


NAME 





Los Lh; PESE NAI ANDREE AMI QoS rane SERA D td ERROREM ee c 


NOTE: It is recommended that patients be anticoagulated with heparin 
during the time the wire is left in place. This is based on the observation of 
very small thrombi or fibrin strands on the end of the atrial pacemaker at the 
time of the removal; these have been noted with or without heparinization. 
While clinically apparent pulmonary emboli have not been noted, the 
possibility of small emboli travelling to the lungs cannot be excluded. As a 
result, patients paced for more than a few hours have been anticoagulated 
as a matter of practice. 

The T.A.P.E. is designed for a single patient usage only; resterilization is not 
recommended in view of the uncertainties with respect to insulation 
degradation, fatigue of electrode structure after sterilization and reuse, etc 


BILL ME O MY CHECK IS ENCLOSED LJ 


C SEND ME A COMPLIMENTARY CLINICAL STUDY 
DEMONSTRATING THE T.A.P.E. APPLICATION. 

BY BERENS, S.C., ET AL. AMERICAN JOURNAL 
OF CARDIOLOGY, SEPT. 1974, VOL. 24. 

MAIL COUPON TO: 

USCI e A DIVISION OF C.R. BARD, INC. 
BILLERICA, MASS 01821 
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IN CONGESTIVE HEART FAILURE" 


ADD 


 DYRENIUM 


Capsules, 
(triamterene SK&F CO. 50 mg. and 100 mg. 


TO FUROSEMIDE 


WHEN CONSERVATION OF 
POTASSIUM BALANCE IS DESIRED 


‘Dyrenium’ helps the patient retain essential potassium stores 
even during the first critical days of vigorous therapy with 
potent diuretics and digitalis. 


When used with another diuretic, ‘Dyrenium’ has an additive 
effect, so initial dosage of both agents should usually be 
reduced; careful supervision and dosage adjustment are 
required. K* supplements should not be given unless 
dosage adjustment fails to reduce excessive K * loss, hypo- 
kalemia develops, or dietary K^ intake is markedly reduced. 
Hyperkalemia can occur, but it is rare in patients with normal 
renal function. Serum K * and BUN should be checked 
periodically, particularly in elderly patients, diabetics, or 
those with suspected or confirmed renal insufficiency. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


*Indications: Edema associated with congestive heart failure, 
cirrhosis and nephrotic syndrome; steroid-induced edema, 
idiopathic edema, edema due to secondary hyperaldosteron:sm, 
to increase diuresis in patients resistant to other diuretics alone. 


Contraindications: Severe or progressive kidney disease or 
dysfunction (possible exception: nephrosis). Severe hepatic 
disease. Pre-existing elevated serum potassium. Hypersensitivity 
to the drug. Continued use in developing hyperkalemia. Do not 
Give potassium supplements, either by drug or by diet. 


Warnings: Observe regularly for possible blood dyscrasias, liver 
damage or other idiosyncratic reactions. Blood dyscrasias have 
been reported. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or 
confirmed renal insuffi iciency. Use in pregnancy only when 
essential to patient welfare. 


Dyrenium (triamterene, SK&F) and spironolactone are not 
usually used concurrently; if they are, however, frequent serum 
potassium determinations are required. 


Precautions: if hyperkalemia develops, withdraw the drug. The 
following may also occur: electrolyte imbalance, low-salt syn- 
drome (with low salt intake), reversible mild nitrogen retention, 
decreasing alkali reserve with possible metabolic acidosis. DC 
periodic hematologic studies in cirrhotics to check for nondrug- 
related variations in blood pictures, and in patients with folic acid 
depletion, since Dyrenium' may contribute to appearance of 
megaloblastosis. Concomitant use with antihypertensive drugs 
may result in an additive hypotensive effect. When ‘Dyrenium is to 
be discentinued after intensive or prolonged therapy, withdraw 
gradually because of possible rebound kaliuresis. 

Adverse Reactions: Diarrhea, nausea and vomiting (may indi- 
cate electrolyte imbalance), other gastrointestinal disturbances, Soie ey CO 
weakness, headache, dry mouth, anaphylaxis, photosensitivity, . 
elevated uric acid, rash. 

Note: When camanod with pi aged Araia; ihe iniiai dosage of Carolina, P.R. 00630 
each agent should be lower than recommended. "v 

Supplied: 50 and 100 nte psules, in bottles of 100 and in Subsidiary of SmithKline 
Single Unit Packages of 100 (intended for institutional use only). Corporation 















ARE YOU STILL . 


BORROWING 
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OWN YOUR 
OWN! 


LARAGH'S 


HYPERTENSION 


) MANUAL 


Edited by John Laragh, M.D.—A classic treatise 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, 

it's already a standard reference work. 
—970 pages, 150 illustrations— 


NI 2001 
WAVEFORM 


For the medical researcher who needs to 
spend time doing research, not programming. 


Imagine an analog to digital signal acquisition sys- 
tem, with a waveform and alphameric CRT display 
combined with keyboard computing power, that 
doesn t require you to know any program language 
or to hire a programmer to set up your tests and 


experiments. 
Sit down at the keyboard of your NI 2001 and in 
less than an hour you could be analyzing: 


e Electrocardiograms e Ventricular dP/dt 
Peak Pressures e Catheter Pullbacks 
Pressure-Volume Curves * Valvular Resistance 
Heart Rates e Vessel Compliance 
Cardiac Output 


NI 2001 prices start at $15,400. You can start using 
it as soon as it arrives. 


e 
^. Z^» INSTRUMENTS 
. A Subsidiary of Cordis Corporation 


Fort Atkinson, Wisconsin 53538 (414) 563-8456 
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ORKE MEDICAL BOOKS AJC 12/76 — 
1666 Fifth Avenue, New York, New York 10019 


Send me, postage paid, —. 1 A copies of Laragh's Hyper 
tension Manual: Mechanisms, Methods and Management. 
| Price. $37.00* each. (Foreign, add $2.00 forsurface shipment; $4.00 
| for air shipment.) 


la Full payment enclosed. O Bil Me. Add O Intern, Resident, Student 
| $1.00 for handling (Special Price $35.00) 


CPN EIS ae ie SM INDSO SANOAT 


*Plus appropriate Sales Tax if in New York State 


WAVEFORM : 
AND DATA mo 
RESEARCH xj. x 


For the medical researcher who needs to 
spend time doing research, not programming. 


Imagine an analog to digital signal acquisition sys- 
tem, with a waveform and alphameric CRT display 
combined with keyboard computing power, that 
doesn t require you to know any program language 
or to hire a programmer to set up your tests and 
experiments. 

Sit down at the keyboard of your NI 2001 and in 
less than an hour you could be analyzing: 


e Tidal Volume € ERV œ PF (peak flow) 
e FEV e MVV  Air-Blood gas analysis 
e FEF e FRC e Residual Volume 


NI 2001 prices start at $15,400. You can start using 
it as soon as it arrives. 


4, 
NORLAND INSTRUMENTS 
A Subsidiary of Cordis Corporation 


Fort Atkinson, Wisconsin 53538 (414) 563-8456 


| 
MEDTRONIC* 5320 Atrial A 
External Pulse Generator - | 


MEDTRONIC* 5880A External 


Demand Pulse Generator 


MEDTRONIC 


Diagnostic and therapeutic applications of temporary atrial pacing are growing, while the reliability of temporary 
ventricular pacing continues to serve the needs of hospitals all across the U.S. In most hospitals, the safety, efficacy, 
reliability and versatility of the MEDTRONTC® Model 5880A pulse generator has made it the preferred temporary 
ventricular pacemaker. 


The same manufacturing excellence and dependability of product that has 
made the 5880A so popular, has now also been applied to Medtronics 5320 


Atrial External Pulse Generator. yo V 


Ioday, whether your patient needs temporary atrial pacing or temporary ven- 
tricular pacing; you know vou can depend on Medtronic to provide it. Safely. Helping vou help 
And:effectively. the pacemaker patient 










For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


À . Symposium on: 


f 


bo mins aiin: cu a dk imd aao ae adus dia i a. dabas 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) s 
Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 


AJC 12/76 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 

New York, N.Y. 10019 


Send me the following symposium reprints: 


O Electrophysiologic Correlates of 
Clinical Arrhythmias .......... A 


O Pre-Hospital Phase of Acute 
Myocardial Infarction........... 


Q Human Heart Transplantation .... 
Ci Cardiac Tumore v ils, 
O Coronary Care Units ........... 


Enclosed is my check for $ 


(Please add appropriate sales tax if in New York State and 


New York City) 


Name 
Address . 
City State Zip 


| 
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| 
| 
| 
| 
| 
| 
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KayCiel 


ORANGE FLAVORED 






(potassium chloride) E 


KayCiel Elixir — KayCiel Powder 


Each 15 ml 
(20 mEq of potassium 
chloride) contains: 


Calories 17 
Sodium 


chloride) contains: 
Calories 


Omg Sodium 


0 


Each Solodose* packet 
(20 mEq of potassium 


0 mg : 


C@NTRAINDICATIONS: Impaired renal function, untreated Addison's 


Disease, dehydration, heat cramps and hyperkalemia. 
WARNING: Do not use excessively. 
PEECAUTIONS: Administer with caution and adjust to the 


requirements of the individual patient. The patient should be checked 
frequently and periodic ECG and/or plasma potassium levels made. 

Use with caution in patients with cardiac disease. In hypokalemic states, - 
attention should be directed toward the correction of the frequently 


associated hypochloremic alkalosis. 


Patients should be cautioned to adhere to dilution instructions. 


ADVERSE REACTIONS: Potassium intoxication indicated by 


listlessness, mental confusion, paresthesia of the extremities, weakness 


of the legs, flaccid paralysis, fall in blood pressure, cardiac 


depression, arrhythmias, arrest and heart block. Vomiting, nausea, 


abdominal discomfort and diarrhea may occur. 


OVERDOSAGE: In case of excessive use resulting in hyperkalemia or 


petassium intoxication, discontinue potassium chloride 


administration or take other steps to lower serum levels if indicated. 


Cooper Compliance Tip 


| 


J 


Help assure that your older patients take |. 
medications properly by printing your 
instructions in large letters. You might 
also send a copy of the instructions to the - 
patient's spouse. Please forward your 
compliance tip to Cooper Laboratories, 
300 Fairfield Road, Wayne, N.J. 07470, 


Att: W.E Cronin. 


i 
OOMCSMarvoratories, Wayne New Jersey 07470 143-48 








CARDIOCASSETTE II 


NEW Pocket Size — 
Ambulatory ECG System — .. 


- 



























The small size &nd weight (under 15 ounces 
with battery) of the new CARDIOCASSETTE II 
make it ideal for investigations into the cause of 
Peansient dyspnea, angina, cerebral ischemia, 
łc., and for monitoring progress in cardiac 
P fehabilitation. CARDIOCASSETTE Il is easily 
#3 carried in shirt or coat pocket, across the 
P shoulder or on the hip. There is little or no 
interference with patient activity even during 
^ E ‘strenuous sports or exercise such as tennis. 


pr 
veh 





ated mode permits patient to initiate ECG recor- 
dt Sing symptoms or during activity being investigated. An i 
automatic programmer provides a variety of selectable programs 
giving ECG recordings from 32 to 28 seconds in length at intervals 
from 15 to 120 minutes, permitting long-duration monitoring of 
active patients. Continuous recordings up to 30 minutes long are 
possible. The patient can record voice comments along with the 
ECG, eliminating the need for a written diary. 








CARDIOCASSETTE II plays back directly into any standard 
office ECG unit. No scanning or data processing equipment is 
required. This feature permits storage of ECG data for subsequent 
processing by a variety of modes including oscilloscope display, 
editing, phone transmission, batch process- 
ing, computer analysis, etc. 


Recorded ECG can be transmitted -^ 
directly from CARDIOCASSETTE Il over 
the telephone to any ECG receiver, 
facilitating remote analysis or consultation. 


Performance exceeds American Heart 
Association standards for frequency 
response, common mode noise rejection, 
and impedance. 






For a demonstration or more information on the 


new CARDIOCASSETTE Il write or phone: 


9 
' Cardiodyne, Inc. 19282 Stevens Creek Blvd. Cupertino, CA 95014 (408) 253-9582 
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Y | Congestive neart ranure —  — 
(.. 4: Introduction to Recent Advances in- 
Pathogenesis and Management of 
Congestive Heart Failure — D.T. 


Congestive Heart Failure Pn 


è 3 2. Structural ee he the Hyper 
i | n — 
Mechanisms, Evaluation and Treatment Mfophied and Faing Hean - 
3. Abnormal Biochemistry in 
A Must book for your library. This comprehensive and meticulously Failure — A. Schwartz, Lf Sordahl, - 


organized text provides thorough and complete coverage of this common M.A. Goldstein, R.J. Luchi and LE. 
; ; Wyborny. 
classification of abnormal heart function. More than 50 of the world's 4. Ribonucleic Acid Foto i and — 


i ; : Bee Adeny! Cyclase in Cafdiac Hyper-  — 
A foremost authorities on the subject are contributors to this important new trophy and Cardiomyopathy — K.G, 3 
: ; í Nair, T. Umali and J. Potts. 2E 
work. Contributors include: Sonnenblick, Schwartz, Wikman-Coffeit, 5. Myofibrillar. Proteins and the Coi. v 
j ild, tractile Mechanism in the Normal and x 
~ Katz, Gunning, Coleman, Anf$terdam, Covell, Rackley, Russell, Feild Falling Heart): WINEN OHMIN A 
Smith, Williams. Fenner, A.F. Salel, T. Kamiyama and 
) D.T. Mason. a 
Dean Mason, editor of the book and author or co-author of many of the 6. Effects of Ischemia on the Contractile — 


| ee mer ee Processes of Heart Muscle — A.M. — 
chapters, has written over 300 original scientific papers on clinical Katz. E 


cardiology and cardiovascular research. An up-to-date authoritative text Meet AANE ARN CREE 
on Congestive Heart Failure has been long awaited. Thanks to Dr. MAE Mate 2 Hic n 
Mason and his colleagues, we do not have to wait any longer. 8. eda Energetic Behavior of | 
Order your trial copy now. 

B Approximately 530 double-column pages with 250 


dium — G. Cooper, IV, J.F. Gunning, 
illustrations and extensive references /$35.00 











C.E. Harrison and H.N. Coleman, Ill. — 
9. Regulation of Cardiac Performance in ER 
Clinical Heart Disease: Interactions — 
Between Contractile State, Mechani- 
cal Abnormalities and Ventricular 
Compensatory Mechanisms — DT. 
Mason. ) 
10. Peripheral Circulatory Control .. 
Mechanisms in Congestive Heart 
Failure — R. Zelis, J. Longhurst, RJ. 
Capone, G. Lee and D.T. Mason. 
11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — — 
A.E. Amsterdam. E 
12. Nature and Significance of Alterations 
in Myocardial Compliance — JW. | 
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13. Renal Function and Edema Formation  - 
in Congestive Heart Failure — M.J. 
Tonkon, S.M. Rosen and D.T. Mason. 

Il. Evaluation | 

14. Physical Findings in Heart Failure and — 
Their Physiologic Basis — RA | 
O'Rourke and M.H. Crawford. dn 

15. Echographic Evaluation of Cardiac  . 
Function — A.N. DeMaria, A.L. Neu- 
mann and D.T. Mason. v 

16. Cardiac Catheterization in the Clinical — 
Assessment of Heart Disease and  . 
Ventricular Performance — DT. — 
Mason, R.R. Miller, D.S. Berman, LA. — 
Vismara, D.O. Williams, A.F. Salel, 
A.N. DeMaria, H.G. Bogren, G.L. De- 
Nardo and E.A. Amsterdam. e 

17. Catheterization Evaluation of Cardiac — . 
Function in Acute and Chronic Coro- - 
nary Artery Disease — C.E. Rackley, 
R.O. Russell, Jr., R.E. Moraski, JA. | 
Mantle, B.J. Feild and M. Smith. 

ill. Treatment 

18. Management of Chronic Refractory 
Congestive Heart Failure — D.T. 
Mason, R.R. Miller, D.O. Williams, 
A.N. DeMaria, L.D. Segel and E.A. 

Amsterdam. 

19. New Developments and Therapeutic 
Applications of Cardiac Stimulating 
Agents — J.F. Wiliams, Jr. 


“must 
book” 


4 DEAN T. MASON, M.D. 





Chief—Cardiovascular Medicine 
School of Medicine 
University of California, Davis 


YORKE MEDICAL BOOKS 
666 Fifth Avenue, N.Y., N.Y. 10019 


20. The Digitalis Glycosides: Clinical 7 
Pharmacology and Therapeutics — — 
CONGESTIVE HEART FAILURE D.T. Mason, E.A. Amsterdam and G. p 
Lee. o 
Yes, please reserve |. . copies of Congestive Heart Failure. 21. Ventricular Afterload Reducing | 
, ! i i Fail ; 
O | enclose payment (publisher absorbs handling charge). OA RU Mile oe Zu j 
O Bill me anti add $1.00 for handling charge. A.N. DeMaria, E.A. Arhsterdam and 
[] Foreign Orders: Pre-payment required. Note: Add $2.00 for surface shipment; D.T. Mason. 
` $4.00 for air shipment. 22. Myocardial infarction Shock: . 


Mechanisms and Therapy — E.A. 
Amsterdam, A.N. DeMaria, JL. 
Hughes, E.J. Hurley, A.J. Lurie, D. O. || 














rn Willigaese R.R. Miller and D.T. Mason. 
Address ET 23. Antiarrhythmic* Agents: Clinical | 
Pharmacology and Therapeutics — 





uer 


City — Dae ee ee i, oo D.T. Mason, A.N. - DeMaria. E.A7* 
AE bec ea je. $ Aa 19776 Amsterdam. L.A. Vismara. R.R. 


the most 
advanced 

blood flowmeters 
available! 


What's so great about CME Flowmeters? 


eConvenient Readout ePatient Safeguard 
System eZero Flow Reference eMultiple Flow 
Adaptability eExcellent Frequency Response 
eLow Noise — High Resolution eCompact 
Size eWidest Range of Blood Flow Probes 
eTotal System Compatibility eComprehensive 
Performance in Clinical, Laboratory and 
Research Applications 


Write or call for complete information. 


me ə CAROLINA MEDICAL ELECTRONICS, INC. 


® P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 





TUN T UF! 


ergometer 


Finland's leading physical fitness institutions helped 
design the new Tunturi ergometer. It features 
rugged construction and noiseless operation 

with all necessary means of measurement for 
applications in clinical stress testing, 

cardio and pulmonary rehabilitation programs, 
and sports medicine. lts compactness and 
relatively low price of $340.00 makes it ideal 

for home patient care programs. 


For further information, please write or phone collect: 


metos sauna 
INCORPORATED 

P.O. Box 3825 Bellevue, Wash. 98009 
206-454-2461 
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Now, 
One- Stop 
Medical ` 
Paper 

Preparation 


Announcing the new expanded Information to 
Authors 1976-1977 edition with editorial guide- 
lines reprinted from 140 medical journals 


Compiled by Harriet R. Meiss and Doris A. Jaeger of 
the Levy Library, Mount Sinai School of Medicine of the 
City University of New York. 


At last, a handbook providing the most up-to-date 
guidelines for the preparation of manuscripts exactly 
as specified in 140 leading American medical journals. 
Authors, secretaries, publishers, editors, medical 
writers and librarians will welcome this greatly needed 
reference for publishing in clinical medicine. 


Information to Authors features the exact replica of 
each journal's masthead, with editors, editorial boards, 
mailing addresses and such pertinent information as 
statements of scope, sponsoring societies, advertising 
information and subscription rates. Instructions to con- 
tributors are reprinted in their entirety—including in- 
formation on the number of manuscript copies re- 
quired, desired format, correct style for typing foot- 
notes and references, rules for preparation of illus- 
trations, tables, graphs, etc. 










For rapid access, journals are arranged in alphabetical | 
order. A subject index enables you to identify publica- 
tions in your field of interest. Specialties represented 
are anesthesiology, hematology, cardiology, critical 
care medicine, dermatology, gastroenterology, internal 
medicine, geriatrics, immunology, neurology, psychi- 
atry, endocrinology, oncology, obstetrics, gynecology, - 
ophthalmology, orthopedics, otorhinolaryngology, 
pathology, pediatrics, clinical pharmacology, physical 
medicine, public health, radiology, surgery, Urology 
and others. | 


If you or members of your staff write, submit or review 
papers for medical journals, this handy guide will save 
valuable look-up and research time. Information to- 
Authors has everything you need to meet the exact 
requirements of the editor, avoid costly publication 
delays, and speed acceptance of your paper. 


Use the order form below to obtain your 1976-77 copy. 
now. No orders will be processed unless accom RE 
by payment. 


Published Summer 1976 328 pages 


- 


Information to Authors 

Levy Library 

Mount Sinai School of Medicine 
Fifth Avenue and 100th Street 
New York, New York 10029 


Please send me postage paid 
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copy(ies) of your Information to Authors. | enclose payment. $13.50* per copy, 


domestic ànd $15.00 per copy, foreign. (Please make checks payable to ' ME Roney to Authors.”) 


JO 
oae 


City 
*New York State residents please add applicable sales taxes. 
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On one hand, you get the state-of-the- 
art writing accuracy no conventional 


edge- or ink-writing system can match. 


Combining high performance servo- 
motor with heated, curved-wire writing 
styli, the exclusive Cambridge system 
can write high frequency low am- 
plitude signals other writers slur or 
miss entirely. Even the smallest P- and 
Q-wave deflections and R-wave 
notches are clear and crisp; vertical 
displacements in the ST segment are 
recorded with the extra accuracy only 
low pen-tip friction ensures. 


_ What's more, the same writing system 
> that gives you a superior 12-lead ECG 
tracing can record phonocardiograms 
and pulse-wave tracings as well! The 
optional Heart-Sound/Pulse-Wave 
unit has five frequency ranges for 
recording phono signals up to 1400 
Hz — two lower-frequency ranges 
for direct recordings of heart sound, 
plus the envelope detection of three 
higher ranges to identify systolic 
murmurs. Pulse channel frequency 
response is 0.05 - 100 Hz between 

3 dB points, with a pulse time con- 
stant of more than 3.2 seconds to 
ensure accurate recording of low- 


Why stop with 
the best €CG Tracing 
when you can get 


Phono and Pulse 
Recording, too! 


Have it both ways with 

the Cambridge Model 3038 
Three -Channel 
€lectrocardiograph. 


patient data and notation headings 
make it easy to write or type data at 
once for a single-sheet, file-folder size 
record requiring no time, labor or 
material expense for cutting or 
mounting. 


First in total diagnostic flexibility, too! 


Model 3038 offers three recording 
modes plus an observe mode, record- 
ing logic programmability, and 
optional computer compatibility. A 
drop-in paper-loading feature even 
eliminates winding and threading. 
Double insulated for safety, it‘is de- 
signed to meet or exceed all American 
Heart Association standards. But why 
stop there? To see how it suits your 
needs best, write or call: Cambridge 
Instrument Company, Inc., 73 Spring St., 
Ossining, N.Y., (914) 941-8100. 


frequency pulse-wave components. 
Stethophone, phono transducer and 


pulse transducer are available to " 

complete the package. Cambridge 

Best yet, this three-channel workhorse instr ument 

packs cost/efficiency benefits that can C ompa ny in e 
g a 


actually save its cost in just one year of 

use. Where conventional three- first in electrocardiography 
channel ECG’s use up to 100% more 

paper for the blank run-out “gap” 

between recordings, Model 3038's no- 

waste design makes the electrocardio- 

gram immediately visible without 

paper loss. What's more, pre-printed 
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Hypoglycemia 


lypoglycemia 
Hypoglycemia 
peri 





new— just published 
a widespread disease 


an important subjecta 


e s 


This book is the result of the First European. (Rom 
Symposium on the subject. Hypoglycemia is a co 
prehensive presentation covering both the clinical an 
investigative knowledge available now. Guest Edito 
are: D. Andreani, P. Lefebvre and V. Marks. 


Emphasis is placed on diagnosis and treatment, a 
special considerations are offered on: 

[] Stimulative Hypoglycemia 

O Alcohol Hypoglycemia 

O Gastro-intestinal Hormones 

O Pancreatic Tumors 

O Reactive Hypoglycemia 

O Hypoglycemia in Diabetics 

These proceedings have made a substantial contri 
tion to the understanding and management of 
widely diagnosed disease. Now published and re. 
for worldwide distribution, the original material has 
added value of close peer review and careful editir 


Send us your order now, and receive your copy on o 
special 10 day free review plan. 


Hypoglycemia, 135 double column pages, 126 figures 
tables. 

Published in conjunction with Georg Thieme Publisher 
Stuttgart. 

Distribution in Europe, Africa and Asia—Georg Thie 
Publishers, Stuttgart. 


This is another important book from The Yorke Medic 
Group, publishers of The American Journal o' 
Medicine, The American Journal of Cardiology. Th 
American Journal of Surgery, Cutis, Laragh's H Bo! 
tension Manual and Congestive Heart Failure by ) 
Mason. 


(0 ^y ggg um Specie ims cente ee ee, wd mami: nois qur iru sco oe ey Apu ados Mae cS, c DET 


| °c Payment 


* 
. 
E | 


YORKE MEDICAL BOOKS 
666 Fifth Avenue, New York, New York 10019 


Yes, | would like to review Hypoglycemia-Proceedings of 
the First European Symposium. 


Please send me copy(ies) on a 10 day free review 
basis. | understand | may return the book(s) at any time 
within 10 days and owe nothing or receive a prompt refund 
if | paid in advance. 

[] Please bill me $23.00 plus $1.00 handling. 

yenciosed $23.00*, publisher absorbs han- 





dling. 


I #" Canada, Central & South America (Pre-Payment re- 


quired) $23.00 plus $2.00 shipping. 
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Anewrecereer te match 
the superior performance 


of the SKI Echo System. 


[] E 


— 7 POWER 


FOOT SWITCH 
IN 


e 


— | SKI Smith Kline Instruments, inc. 





The new Ekoline 21 Recorder B Built-in latensifier, variable 
brings advanced performance paper speed. 

features to the SKI Echo 
System —the most outstand- 
ing system of its kind available 
today. The Ekoline 21 provides: 


If you would like more details 
about the new Ekoline 21 and 
the SKI Echo System, call or 
write: Smith Kline Instruments, 
Inc., Dept. U, 880 W. Maude 
Avenue, Sunnyvale, CA 
94086. (408) 732-6000. 


B Simplified operating con- 
trols that are both complete 
and logical. 


E Fiber-optic strip chart re- i Compact size for easy 


cordings with maximum portability 
. grey-scale capability, out- E Strip-chart paper quantity- Sl 
standing resolution and level indicator. A Subsidiary of Smithkline Corporation 


COP sn OD, B Iraditional SKI quality. 

With the addition of the new 
Ekoline 21 Recorder, SKI now 
offers complete system re- 
sponsibilityfor all maintenance 
and repair service 


E &"-wide paper, with space 
for four-parameter traces 


Au 
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` with hard, dry stools 


`^ Hard-“dry stools hurt, and may be hazardous by causing straining. SENOKOT S Tablets offer 


comfortable relief by softening the stool and stimulating its movement. 
Provides standardized senna concentrate, : 

a clinically established laxative of choice 

Standardized senna concentrate is a gentle, effective neuroperistaltic stimulant with 
documented effectiveness in thousands ^f patients. Its virtually colon-specific, gentle, 
predictable action is generally free of side effects at proper dosace levels. 


Provides DSS, the classic stool soitener 
DSS in SENOKOT S Tablets complements the laxative effect of standardized senna 
concentrate by "moistening" and softening the stool for smoother and easier passage. 


Comfortable overnight action 

With DSS and standardized senna concentrate, SENOKOT S Tablets provide both softness 
and stimulation for constipated patients with hard, dry stools. Taken at bedtime SENOKOT S 
Tablets usually induce predictable, comfortable evacuation the next morning. 


Purdue Frederick 


COPYRIGHT 1976, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
A8339 $ 178576 








nokot 


( standardized senna concentrate and dioctyl sodium sulfosuccinate ) tablets 


the"S" stands for softener 
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. :Forthe special needs of patients: 
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